


IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent of: 

Geoffrey N. Roth etal. 

Patent No. 6,787,332 

Issued: 09/07/2004 

Title: Test Media & Quantitative or 

Qualitative Method for Identification et al. 



Group Art Unit: 



Examiner: 



Henry Randall 
Cecelia Newman 



REQUEST FOR CORRECTION OF PATENT CERTIFICATE 



M/S Decisions & Certificates of Correction Branch 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



Certificate 

SEP 2 9 2005 

of Correction 



Dear Sirs: 



The owner of U.S. Patent No. 6,787,332 for TEST MEDIA AND QUANTITATIVE OR qualitative 

METHOD FOR IDENTIFICATION AND DIFFERENTIATION OF £. COLl, GENERAL COLIFORMS, 

SALMONELLA, AND AEROMONAS IN A TEST SAMPLE, requests Correction of the patent and 
certificate of correction dated May 24, 2005 as follows: 
In Claim 3, Line 53, delete "3" and insert - P 

In Claim 5, Line 60, delete "a" and insert - p - 

In Claim 5, Line 63, delete "a" and insert - p -, such that claim 5 should now read: 
5. The test medium of claim 72, wherein said first substrate 

consists essentially of 8-hydroxyquinoline- p-D- 

glucuronide, said second substrate consists essentially of 

5-bromo-4-chloro-3-indole-a-D-galactoside, and said third 

substrate consists essentially of 6-chIoro-3-indole-P-D- 

galactoside. 
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In connection therewith the Applicant offers the following information: 

1 . In a communication dated March 19, 2004, Applicant responded to an outstanding office 
action in which claim 80 of the application (now claim 5 of the patent), was amended to change 
it's dependency (see attached Exhibit A), No other changes were made to claim 80. 

2. On April 15, 2004, the Examiner issued a Notice of Allowance, allowing claims 72, 73, 
76, 79-83 in response to the Amendment of March 19, 2004 (see attached Exhibit B). As can be 
seen the examiner did not make any changes to the text of any claims. 

3. On September 7, 2004 the subject patent was issued under Patent No. 6,787,332 (see 
attached Exhibit C). As can be seen. Claim 5 in the patent contained an error on line 62 of the 
patent in which the Office had printed "p" where an - a - should have been. 

4. On March 2, 2005, Applicant requested a certificate of correction to rectify the above 
error (see attached Exhibit D). Applicant requested only that Line 62 of Claim 5 be corrected, 
and included the complete text of how claim 5 should read. 

5. On May 24, 2005, Applicant received a Certificate of Correction for the subject patent, 
that indicated all occurrences of the "p" in claim 5 were changed to - a - (see attached Exhibit E). 

6. On June 6, 2005, Applicant requested a second Certificate of Correction to correct the 
Certificate issued on May 24, 2005 containing the erroneous replacement of all "P" to - a 
Applicant also requested a correction of Claim 3, which, due to Applicant's error, contained a "3" 
in line 53, instead of the original - p - (see attached Exhibit F). 

7. On July 26, 2005 that request was denied stating that claims 3 and 5 were printed in 
accordance with the record (see attached Exhibit G), While Applicant will concede that claim 3 
was printed in accordance with the amendment of March 19, 2004 (which contained the 
typographical error), it is clear from the record that claim 5 was printed in error in the actual 
patent and was later corrected in error as well. 
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Therefore, Applicant requests that a new certificate of correction be issued in accordance with 
the above request. Applicant hereby submits the fee of $100 relating to the claim 3 correction. 
The office is hereby authorized to charge any additional fees or credit any overpayments to 
Deposit Account No. 02-0387, Baker & Daniels LLP. If the Examiner has any questions, he is 
invited to contact the undersigned at 574-234-4149. 



Respectfully submitted, 



DT:MLWH 

Baker & Daniels LLP 
Suite 250 

205 West Jefferson Boulevard 
South Bend, IN 46601 
Telephone: 574-234-4149 
Facsimile: 574-239-1900 

Enc. Exhibits A - G 

Check No. 104310 ($100) 



0^ O/yy^Jl ^ Aj<cJ>sj^^^ 

lel Tvchnnievich ' 



Daniel Tychonievich 
Registration No. 41,358 



CERTIFICATION OF MAILING 

I hereby certify that this correspondence 
is being deposited with the United States Postal Service 
as First Class Mail in an envelope addressed to: 
Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450, on: September ,2005. 

DANIEL TYCHONIEVICR REG. NO. 4K358 
Name of Register ed Re presentative 

Signatur^ 



September 2 V 2005 
Date 
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EXHIBIT 



TRANSMITTAL LETJ^Tp^^. 
V. (General - Patent I^ed) <^ 


Docket No. 
MLBOOOl.Ol 


Patentee(s): Geoffrey N. Roth et al. L ^ 6 2005 1 

1 J 




U.S. Patent No. Issue Date 
6,787,332 September 7, 2004 



Title: Test Media and Quantitative or Qualitative Method for Identification and Differentiation of E. Coli 
Conforms, Salmonella, and Aeromonas in a Test Sample 



COMMISSIONER FOR PATENTS: 



Transmitted herewith is: 
Certificate of Correction 



ISI No additional fee is required. 

□ A check in the amount of is attached. 

□ The Director is hereby authorized to charge and credit Deposit Account 
as described below. 

□ Charge the amount of 

□ Credit any overpayment. 

□ Charge any additional fee required. 

□ Payment by credit card. Form PTO-2038 is attached. 

WARNING: information on this form may become public. Credit card information should not be 
included on this form. Provide credit card information and authorization on PTO-2038. 



Signature 



Dated: '^/^/oS^ 



Daniel Tychonievich, Reg. No. 41,358 
Baker & Daniels 



South Bend, IN 46601 
Tel: (574)234-4149 
Fax: (574)239-1900 


1 hereby certify that this correspondence is being 
deposited with the United States Postal Service with 
sufficient postage as frrst class mail in an envelope 
addressed to "Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450" [37 CFR l-8(a)] on 


Customer No.: 27817 






Signature of Person Mailing Correspondence 


cc: 


Daniel Tychonievich 




Typed or Printed l^ame of Person Mailing Correspondence 



P17AmEV04 



PTQ/SB/44 (05-03) 
Approved for use through 01 /31/2004. OMB 0651 -0033 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to resporxJ to a collection of information unless it displays a valkl OMB control number. 
(Ateo Form PTO>1050) 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 



PATENT NO 6,787,332 

DATED September 7, 2004 

INVENTOR(S) : Geoffrey N. Roth et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 



Page 36, Claim 5, Line 62, delete " p " and insert - a - 

Claim should read: 

5. The test medium of claim 1 . wherein said first substrate 
consists essentially of 8-hydroxyquinoline- p-D- 
glucuronide, said second substrate consists essentially of 
5-bromo-4-chloro-3-indole-a-D-galactoside, and said third 
substrate consists essentially of 6-chloro-3-lndole-p-D- 
galactoside. 



MAILING ADDRESS OF SENDER: PATENT NO. ^^787.332 

Eric J. Groen 

Baker & Daniels No. of additional copies 

205 West Jefferson Blvd.. Suite 250 k 

South Bend. IN 46601 < 1/ 

This collection of information is required by 37 CFR 1.322. 1.323, and 1.324. The information is required to obtain or retain a l>enefit by the public which is to file 
{and by the USPTO to process) an application. Confidentiality is governed fay 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete, including gathering, preparing. ar»d submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this txjrden, should be sent to the Cfiief Information Officer 
U.S. Patens and Trademark Office. U.S. Department of Commerce. P.O. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call U800-PTO'9 199 and select option Z 
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) 



1 



The U. S. Patent and Trademark OffiSe_ date-stamp hereon is acknowledgment that oh 
the date stamped, the U. S. Patent and Tradimark Office received: . . 



TYPE OF PAPER 

APPLICANT(S) 
PATENT NO. 
ISSUED 

Title 



ENCLOSURES 

DATE MAILED 
OUR REF, 
DT/mr 

BDDB01 3227327V1 



Certificate of Gorriection 

Geof^ N. Roti^fa/. . 
6,78^332 ^^^p 
Seprtember 7; 2^^^ 



Test Media^mJ 0 

. IdentififMtion anc^^^re of E: Coli, General Colifonrns, 

Salmdnella, anS. Aerpmbnas in a Test Sample 

Trahsmittel Form;^, 
Gieffificate of Correction 

03/02/2005 

MLBOqOi. 01 (65514:1) 




^ UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,787.332 B2 p^^^ , . , 

DATED : September 7. 2004 ^ °* ^ 

INVENTOR(S) : Geoffrey N. Roth et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
nereby corrected as shown below: 

Column 36. 

Lines 59-65, delete "3" and insert ~ a - (all occurences) 




Signed and Sealed this 
Twenty-fourth Day of May, 2005 




JON W. DUDAS 
Director ojthe UiOud Stales Patent and Trademark Office 



„ - . EXHIBIT F"^ 



TRANSMITTAL LETTER 
(General - Patent Issued) 


Docket No. 
MLBOOOI.Ol 


Patentee(s): Geoffrey N. Roth et aL ^ ' />\ 




U.S. Patent No. 

6,787,332 ^^feftMd?** 


^ j Issue Date 
y September 7, 2004 



Title: Test Media and Quantitative or Qualitative Method for Identification and Differentiation of E. Coli 
Coliforms, Salmonella, and Aeromonas in a Test Sample 



COMMISSIONER FOR PATENTS: 



Transmitted herewith is: 
Certificate of Correction 



S No additional fee is required. 

□ A check in the amount of is attached. 

O The Director is hereby authorized to charge and credit Deposit Account 02-0387 
as described below. 

□ Charge the amount of 

la Credit any overpayment. 

S Charge any additional fee required. 

□ Payment by credit card. Form PTO-2038 is attached. 

WARNING: Information on this form may become public. Credit card information should not be 
included on this form. Provide credit card information and authorization on PTO-2038. 



jfSignature 

Daniel Tychonievich, Reg. No. 41,358 

Baker & Daniels LLP 

205 W. Jefferson Blvd., Suite 250 

South Bend, IN 46601 

Tel: (574)234-4149 

Fax: (574)239-1900 



Dated: 06//(/?/2005 



Customer No.: 27817 



cc: 



I hereby certify that this correspondence is being 
deposited with the United States Postal Service with 
sufficient postage as first class mail in an envelope 
addressed to "Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450" (37 CFR 1-8{a)) on 



Signature of Person Mailing Corresponded 



Signature of Person Mailing Correspondence 
Daniel Tychonievich 



Typed or Printed Name of Person Mailing Correspondence 



P17A/REVD4 



PTO/SB/44 (04-04) 
Approved for use through 04/30/2007. OMB 0651-0033 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995. no persons are required to respond to a coliection of information unless it displays a valid OMB control number. 
(Also Form PTO-1050) 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 



PATENT NO. : 6.787.332 B2 
DATED : September 7. 2004 

iNVENTOR(s) : Qeoffrey N. Roth at 31. 

It is certified that error appears in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below. 



Page 36, Claim 3. Line 53, delefe "3" and inse 





Page 36. Claim 5. Line 60, delete "a" and insert - p - 
Claim 5, Line 62, delete "P" and insert - a - 
Claim 5, Line 63. delete "a" and insert -p - 



Claim 5 should read: 

5. The test medium of claim 1 , wherein said first substrate 
consists essentially of S-hydroxyquinoline- p-D- 
glucuronide. said second substrate consists essentially of 
5-bromo-4-chloro-3-lndole-a-D-galactoside, and said third 
substrate consists essentially of 6-chloro-3-indole-p-D- 
galactoside. 



MAILING ADDRESS OF SENDER: PATENT NO. 6,787.332 B2 



Daniel Tychonievich. Baker & Daniels LLP additional copies 

205 W. Jefferson Blvd., Suite 250. South Bend. IN 46601 ^ 
Customer Number: 271 87 \ — S 

This coflection of information is required by 37 CFR 1.322. 1.323. and 1.324. The information is required to obtain or retain a benefit by the public which is to file 
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to 
complete. Including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer. 
U.S. Patent and Trademark Offk:e. U.S. Department of Commerce. P.O. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch. Commissioner for Patents, P.O. Box 1450. Alexandria. 
VA 22313-1450. 

If you need assistance in completing the fomi catt 1'800-PTO9 199 and select option Z 
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The U. S. Patent and Trademark Office date-stamp hereon is acknowledgment that on 
the date stamped, the U._S. Patent and ITrademark Office received: 



TYPE OF PAPER 

APPLreANT(S) 

fiATENTNp. 

dated; ' 

TITLE — ^ 



ENCLOSURE , 

DATE MAILED 

OURREF. 

piymr; 

BDD301 3^7327v1 



Certificaite of Correction 

Ge^)ftrey:I^^Roth " C 
6.787^32 8 

Test lyi^^l^nd Qu^^ or Qualitative Methpd^for 
Idj^lti^^^rraT^ Biological Materials^ 

in a^l^^^^ple^ ' ; . 7 . * 

: TransrilfcaljLeJ^^ • : 1 . 

Certifi^tietof Gdirection^^ 





¥ ft 



EXHIBIT G 



1 

Patent No 
Inventor(s) 
Issued 
Title 




0 



< 



UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

ASSISTANT SECRETARY OF COMMERCE AND 
COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington, DC 2023 1 



b787335B2 
Geoffrey N. Roth 
9/7/04 

TEST MEDIA AND QUANTITATIVE OR QUALITATIVE METHOD FOR 
IDENTIFICATION AND DIFFERENTIATION OF BIOLOGICAL MATERIALS IN A 
TEST SAMPLE 
Atty.doc/File No. 



Request for Certificates of Correction 

Consideration has been given to your request for the issuance of a Certificate of Correction, 
for the above - identified patent under the provisions of CFR 1 .322. 

Inspection of the application for the patent reveals that claim 3 & 5 is printed in accordance 
with the record. Therefore being no fault on the Patent and Trademark Office, It has no 
authority to issue a certificate of correction under the provision of 1 .322. 

In view of the forgoing, your request in this matter, is hereby denied. 

Future written correspondence concerning this matter should be filed and directed to 
Decisions & Certificates of Correction Branch. 



Henry Randall 
Cecelia Newman 
Decisions & Certificates 

of Correction Branch 
(703) 308-9390 Ext. 108 



Daniel Tychonievich, Baker & Daniels LLP RECEIVED 
205 w. Jefferson Blvd., Suite 250 

South Bend, IN 46601 JUL 2 9 2QG5 

BAKER & DANIELS 



HR/CBN 



EXHIBIT 




UjNiiLED States Patent and Trademark Offfce 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 
P.O. Box M50 

Alexandria. Vtrsinia 2231 3-1450 



w^ivw.uspto.gov 



NOTICE OF ALLOWANCE AND FEE(S) DUE 



27187 " rm 04/15/2004 

BAKER & DANIELS 

205 W. JEFFERSON BOULEVARD 

SUITE 250 

SOUTH BEND, IN 46601 



RECEIVED 
APR 1 9 2004 

BAKER & DANIELS 



EXAMINER 



GITOMER. RALPH J 



ART UNIT 



PAPER NUMBER 



1651 

DATE MAILED: 04/15/2004 



APPLICATION NO. 



FILING DATE 



FIRST NAMED INVENTOR 



ATTORNEY DOCKET NO. 



CONFIRMATION NO. 



MLBOOOI.Ol 



3954 



1 0/040,79 1 0 1 /07/2002 Geoffrey N. Roth 

TITLE OF INVENTION: TEST MEDIA AND QUANTITATIVE OR QUALITATIVE METHOD FOR IDENTIFICATION AND DIFFERENTIATION OF BIOLOGICAL 
MATERIALS IN A TEST SAMPLE 



APPLN. TYPE 



SMALL ENTITY 



ISSUE FEE 



I PUBLICATION FEE j TOTAL FEE(S) DUE j DATE DUE j 



nonprovisional 



YES 



$665 



$300 



$965 



07/15/2004 



THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED . THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR L313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED . SEE 35 U.S.C. 15L THE ISSUE FEE DUE INDICATED ABOVE 
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR 
AN EQUIVALENT) MUST BE RETURNED W ITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL 
BE REGARDED AS ABANDONED. 

HOW TO REPLY TO THIS NOTICE: 



I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A- If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

B. If the status is changed, pay the PUBLICATION FEE (if 
required) and twice the amount of the ISSUE FEE shown above 
and notify the United States Patent and Trademark Office of the 
change in status, or 



If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check the box below and enclose 
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above. 

□ Applicant claims SMALL ENTITY status. 
See 37 CFR 1.27. 



II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with 
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be 
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be 
completed and an extra copy of the form should be submitted. 

III. AH communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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PTOL-85 (Rev. 1 1/03) Approved for use through 04/30/2004. 





Application No. 


Applicant(s) 


Notice of Allowability 


10/040.791 


ROTH ETAL 


Examiner 


Art Unit 






Ralph Gitomer 


1651 





- The MAILING DATE of this communication appears on the cover sheet with the correspondence address- 
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1 .313 and MPEP 1308. 

1 . ^ This communication is responsive to amendment of 3/19/04 . 

2. S The allowed claim{s) is/are 72 73 76 79-83 , 

3. CH The drawings filed on are accepted by the Examiner. 

4. □ Acknowledgment is made of a claim for foreign priority under 35 U.S.C, § 119(a)-{d) or (f). 

a) □ All b) □ Some* c) □ None of the: 

1. □ Certified copies of the priority documents have been received. 

2. □ Certified copies of the priority documents have been received in Application No. . 

3. □ Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 
* Certified copies not received: . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THISTHREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. □ A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 

INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

6. □ CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) □ including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1 ) □ hereto or 2) □ to Paper No./Mail Date . 

(b) □ Including changes required by the attached Examiner's Amendment / Comment or in the Office action of 

Paper No./Mail Date . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

7. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 

attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL 



Attachment(s) 

1 . □ Notice of References Cited (PTO-892) 

2. □ Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. □ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 

Paper No./Mail Date 

4. □ Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 



5. □ Notice of Informal Patent Application (PTO-152) 

6. >Sj Interview Summary (PTO-413), 



Paper No./Mail Date , 



7. □ Examiner's Amendment/Comment 

8. □ Examiner's Statement of Reasons for Allowance 
another . J. ^ 

Ralph Gitomer 
Primary Examiner 
Art Unit: 1651 



U.S. Pat^t an6 Trademaric OfTice 

PTOL-37 (Rev. 1-04) 



Notice of Allowability 



Part of Paper No7Mail Date 20040414 




United States Patent and Trademarx Office 



APPLICATION NO. 



FILING DATE 



FIRST NAMED INVENTOR 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O.Box 1450 

Alexandria, Virginia 22313-1430 
u-u-\v.uspto.co\''' 



ATTORNEY DOCKET NO. CONFIRMATION NO. 



10/040.791 



01/07/2002 



04/15/2004 



27187 7590 

BAKER & DANIELS 

205 W. JEFFERSON BOULEVARD 

suite 250 

SOUTH BEND, IN 46601 



Geoffrey N. Roth 



MLBOOOI.Ol 



3954 



EXAMINER 



GITOMER, RALPH J 



ART UNIT 



PAPER NUMBER 



16SI 

DATE MAILED: 04/15/2004 



Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 

(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 246 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 246 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) system (http://pair,uspto.gov). 



Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283, 



REPLY DUE: 




DOCKET 1 J^DOCKET 2^40^ 
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PTOL-85 (Rev. 1 1/03) Approved for use through 04/30/2004. 



EXHIBITOR 

iiiinniiiiiiiHiiiiii ' 

US00r)787332B2 

(12) United States Patent (lo) Patent No.: us 6,787,332 B2 

Roth et aL (45) Date of Patent: Sep. 7, 2004 



(54) TEST MEDIA AND QUANTITATIVE OR 
QUALITATIVE METHOD FOR 
roENTIFICATION AND DIFFERENTIATION 

OF£. COU, GENEEtVL COLIFORMS, 
SALMONELLA, AND AEROMONAS IN A 
TEST SAMPLE 

(75) Inventors: Geof&iey N. Roth, Goshen, IN (US); 

Jonathan N. Roth, Goshen, IN (US) 

(73) Assignee: Micrology Laboratories, LLC, 
Goshen, IN (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 246 days. 

(21) Appl. No.: 10/040,791 

(22) FUed: Jan, 7, 2002 

(65) Prior Publication Data 

US 2002/0090668 Al Jul. 11, 2002 

Related U.S. Application Data 

(63) Continuatioa of application No. 09/357,606, filed on Jul. 20, 
1999, now Pat. No. 6^50^88, 
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TEST MEDIA AND QUANTITATIVE OR bacterial types arc needed, and there is a continuing search 

QUALITATrVE METHOD FOR for faster, more accurate, easier to use and more versatile test 

IDENTIFICATION AND DIFFERENTIATION methods and apparatus in this area. 

OF E. con, GENERAL COLIFORMS, Numerous test methods have been utilized to determine, 

SALMONELLA, ANDAEROMONAS IN A 5 identify and enumerate one or more indicator organisms. 

TEST SAMPLE Some, of these test methods only indicate the presence or 

^ , .... . . absence of the microorganism, while others also attempt to 

This AppUcaUon clajms pnonty torn and ^ a conttnu- „f ^ ^ ^ 

auon of U.S. patent apphcation Ser. No. 09/357.606 which , ^^.j^^ test referred to as the 

^'^T/^!f'°f T''^ "'w'c'l Presence/Absence(orP/A)test.maybeutilizedtodetermine 

6350 588 '»"'«'i"»"y " S- P«- No- the presence or absence of a,lifoL and E. coli in a test 

' sample. A test medium including the P-galactosidase sub- 

DACKGROUND OF TIIE INVENTION O-nitrophenyi p-D-galactopyranoside (ONPG), and 

15 the p -glucuronidase substrate 4-methyl-umbrelliferyl-P-D- 

The present invention relates to a test medium and method glucuronide (MUG), is inoculated with the test sample. To 

for the detection, quantification, identification and/or differ- differentiate the general coliforms from E. coli, this test 

entiatioa of biological materials in a sample which may relies on the fact that generally all cohforms produce 

contain a plurality of different biological materials. P-galactosidase, whereas only E, coli also produces 

Bacteria are the causative factor in many diseases of ^-glucuronidase in addition to P-galactosidasc. If any 

humans, higher animals and plants, and are conunonly coliforms are present (including £. co/i), the broth medium 

transmitted by carriers such as water, beverages, food and turns a yellow color due tn the activity of the galactosidase 

other organisms. The testing of these potential carriers of enzyme on the ONPG material, causing the release of a 
bacteria is of critical importance and generally relies on 25 diffusible yellow pigment, if E. coli is present, the broth 

^'indicator organisms." Borrego et al., Microbiol Sem. medium will demonstrate a blue fluorescence when irradi- 

13:413-426, (1998), For example, Escherichia coli (E. coli) ated with ultraviolet rays, due to the breakdown of the MUG 

is a gram negative member of the family Enterobacteriaceae reagent with the release of the fluorogenic dye caused by the 

which is part of the normal intestinal flora of warm blooded production of the glucuronidase enzyme. These reactions are 

animals, and its presence indicates fecal contamination (e.g., very specific, and allow the presence of both coliforms in 

raw sewage). Even though most strains of £. coli arc not the general, as well as E. coli to be identified in a single sample, 

actual cause of disease, their presence is a strong indication A disadvantage of this test is that it is not directly quanti- 

of the possible presence of pathogens associated with intes- tative for either bacterial type, since both reagents produce 
tinal disease, such as cholera, dysentery, and hepatitis, 35 diffusible pigments. A second disadvantage is that there may 

among others. Consequently, E. coli has become a prime a false positive coliform reaction if Aeromonas spp. are 

indicator organism for fecal contamination, and as a result, present in the test sample. This has been shown to be 

any method which differentiates and identifies E, coli from possible even when there arc inhibitors present to suppos- 

other bacteria is very useful. edly prevent this from occurring (Landre et al., Letters Appl 

Others members of the family Enterobacteriaceae, com- ^ Microbiol 26:352-354 (1998)). The test also requires spe- 

monly referred to as ''general coliforms," especially the cific equipment for producing the ultraviolet rays. Further, 

genera Citrobacler, Enterobacler and KlebsicUa, are also this test may only be used to detect coliforms and E, coli. 

considered to be significant indicator organisms for the Other important microorganisms, such as the strain £. coli 
quality of water, beverages and foods. Therefore, tests to 45 0157 which is glucuronidase negative, are not detected, nor 

identify and differentiate general coliforms from E. coli are are other non-galactosidase-glucuronidase producing micco- 

also very useful. Also, various species of the genus Aero- organisms. 

monas have been shown to not only be potential pathogens. The Violet Red Bile Agar (VRBA) method has been used 

but to have a correlation to other iDdicator organisms to determine the quantity of both coliform and £. coli in a 

(Pcttibone et al., / Appl Microbiol 85:723-730 (1998)). test sample. The test medium used in this method includes 

Current test methods to identify, separate and enumerate bile salts (to inhibit non-coliforms), lactose and the pH 

Aeromonas spp. from the very similar Enterobacteriaceae indicator neutral red. As coliforms (including E. coli) grow 

have been lacking and most of the current methods utilizing in the medium, the lactose is fermented with acid 
enzyme substrates do not separate Aeromonas spp. from ss production, and the neutral red in the area of the bacterial 

Enterobacteriaceae due to their almost identical biochemical colony becomes a brick red color. The resulls of this lest are 

profiles. Any method that depends upon the identification of not always easy to interpret, and in order to determine the 

general coliforms by meaiB of a p-galactosidase substrate presence of E. coli, confirming follow-up tests, such as 

either does not differentiate Aeromonas spp. from general brilliant green lactose broth fermentation, growth in EC 

coliforms or eliminates Aeromonas from the sample by the broth at 44.5° C. and streaking on Eosin Methylene Blue 

use of specific inhibitors (antibiotic such as ccfsulodin). Agar (EMBA), must be performed. 

Brenner et al., Appl Envir. Microbio. 59:3534-44 (1993). The Membrane Filler (MF) method utilizes micropore 

They do not differentiate, identify and enumerate Aeiomo- filters through which samples are passed so that the bacteria 
nas abng with E. coli and goieral coliforms. Landre et al., 55 are retained on the surface of the filter. This method is used 

Leners Appl Microbiol 26:352-354(1998), Improved test most often when bacterial populations are very small, and a 

methods to effectively identify, separate and enumerate such large sample is needed to get adequate numbers. The filter is 
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then placed on ihe surface of a chosen medium, incubated, component. Therefore, they cannot be used together to 

and the bacterial colonies growing on the membrane filter identify and distinguish both co/i and general coliforms in 

surface are counted and evaluated. This method is widely a single test with a single sample, since they both generate 

used and provides good results when combined with proper identically hued indigo blue colonies. A person using both 
reagents and media. A disadvantage of this method iis that it 5 reagcnbs together would be able to quantitatively identify the 

is expensive and lime-consuming. It also does not work well total number of coliforms, the same as if X-gal were used 

with solid samples, or samples with high particulate counts. alone, but would not be able to indicate which of the 

The MF method can be used in conjunction with the colonics were E, coli and which were other coliforms 

inventive method described in this application. besides E, coli. 

The m-Endo method is also used to determine the quantity A recently developed and highly commercially successful 

of E. coli and general coliforms and is an ofiBcial USEPA test method and test medium for quantitatively identifying 

approved method for testing water quality. The medium is and dififerentiating general coliforms and E, coli in a test 

commonly used with a membrane filter and E. coli and sample is described in U.S. Pat. Nos. 5,21 0,022, and 5;593, 
general coliform colony forming units (CPU) grow as dark 15 662, both of which share common inventorship with the 

colonies with a golden green metallic sheen. Due to a proven present application and which are hereby incorporated by 

high rate of false positive error, typical colonies must be reference. This method and test medium improves upon 

confirmed by additional testing. Standard Methods for the prior art methods by allowing the quantitative identification 

Examination of water and Waste\vater, 20^ Edition, 9-10 & of general coliforms and E. coli in a single sample. Addi- 

9-60 (1998). tional confirmatory tests are not necessary. The test sample 

Other tests, such as the Most Probable Number (MPN), is added 10 a medium containing a p-galactosidase substrate, 
utilize lactose containing broths (LST, BGLB, EC) to esti- such as 6-chloroindolyl-p-D-galactoside, and a 
mate ntunbers of general coliforms and c<7fi, but have also p-glucuronidase substrate, such as 5-bromo-4-chloro-3- 
been shown to have high rates or error as well as being 25 indolyl-p-D-glucurooide (X-gluc). The P-galactosidase sub- 
cumbersome and slow to produce results. Evans et a\.,Appl. strate is capable of forming a water insoluble precipitate of 
Envir. Microbiol. 41:130-138 (1981). a first color upon reacting with p-galactosidase, and the 

The reagent 5-bromo-4-chloro-3-iQdolyl-p-D- P-glucuronidase substrate is capable of forming a water 

galactopyranoside (X-gal) is a known test compound for insoluble precipitate of a second color, contrasting with the 

identifying coliforms. When acted on by the p-galactosidase firsl color, upon reacting with p-glucuronidase. As a result, 

enzyme produced by coliforms, X-gal forms an insoluble general coliforms may be quantified by enumerating the 

indigo blue precipitate, X-gal can be incorporated into a colonies of the first color (having p-galactosidase activity), 

nutrient medium such as an agar plate, and if a sample ^- be quantified by enumerating the colonies 
containing coliforms is present, the coliforms will grow as 35 of *be second color (having both p-galactosidase and 

indigo blue colonies. X-gal has the advantage over the p-glucuronidase activity). This technology has been widely 

compound ONPG, described above, in that it forms a water copied. 

insoluble precipitate rather than a diffusible compound. Another recently developed test method and apparatus 

thereby enabling a quantitative determination of coliforms to provides excellent results for the differentiation and identi- 
be made when the test sample is incorporated into or onto a ^ fication of general coliforms, E. coli and £. coli 0157 strains 

solidified medium, or when coliform colonies grow on the and non-coliform Enterobacteriaceae. The method and test 

surface of a membrane filter resting on a pad saturated with medium are described in U,S. Pat. No. 5,726,031, which 

a liquid medium or on a membrane filter resting on a solid shares oommoa inventorship with the present application, 
medium. Further, it does not require the use of ultraviolet 45 and which is hereby incorporated by reference, 

^g^^' A certain class of substrates, referred to herein as 

A similar compound, 5-bromo-4-chloro-3-indolyl-p-D- "nonchromogenic/' have been used to detect various micro- 

gluciu-onide (X-gluc) is a known test compound for identi- oiganisms. A dipslide for detecting E. coli using hydroxy- 

fying£. coli. When acted on by the p-glucuronidase enzyme quinoline-p-D-glucuronide is disclosed by Dalet et al., J, 

produced by most E. coli, X-^uc forms an insoluble indigo Cliru Microbiol, 33(5):1395-8 (1995). Similarly, a technique 

blue precipitate. X-gluc has the advantage over the com- for detection of E. coli in an agar-based medium using 

pound MUG, described above, in that it forms a water S-hydroxyquinolinc-P-D-glucuronidc is disclosed by James 

insoluble precipitate, rather than a diffusible compound, ai., Zentralbl Baktenol Mikrobiol Hyg[Al 267(y):3l6-21 
thereby enabling a quantitative determination of £. coli to be 55 (1 988). 

made when the lest sample is incorporated into or onto a It is desirable to furlhw improve the distinguishing colors 

solidified medium. X-ghic and its ability to identify E. coli generated in the test media. Hiat is to say, in prior art test 

are described in Watkins, et al., AppL Envir Microbiol media which detect and distinguishing two biological 

54:1874-1875 (1988). A similar onmpound, indoxyl-P-D- entities, confiLsion may ari.sc between the two colors which 

glucuronide, which also produces sharp blue colonies of £. show in the media. 

coli, was described in Uy, et al.. Can. J Microbiol Further, it is desirable to be able to identify and diffcr- 

34:690-693 (1987). entiale other closely related organisms, such as members of 

Although X-gal and X-gluc are each separately useful in the families Aeromonaceac, Vibrionaceae, and Salmonella 
the quantitative determination of cither coliforms (X-gal) or 55 and Shigella spp. For example, the genus Aeromonas is 

E. coli (X-gluc), these indicator compounds have the dis- closely related to colifonns and gives an aknost identical 

advantage that they each contain the same chromogenic biochemical test pattern. Further, the genus Vibrio is also an 
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important type of bacteria that grows under the same general In a preferred form, the inventive test medium accounts 
conditions as coliforms. It is known to distinguish Aeromo- for the first biological entity being responsive to the chro- 
nas colonies from general coliforms by testing all colonies mogenic substrate in addition to the nonchromogenic sub- 
in a givcQ sample for the presence of cytochrome oxidase. strate. In such event, aggregations of the first biological 
Undesirably, however, this requires another set of tests. ^ entity present in the test medium nonetheless show as 
Further, Aeromonas is common in water and food, and it is substantially black. 

commonly indicated in test samples as general coliforms, Significantly, even though the aggregations of the first 

which results in high a false positive error for general biological entity are responsive to both the first and second 

coliforms by most current test methods. The Aeromonas can jq substrates in the preferred form, these aggregations still 

be prevented from interfering with the coliform results by show as substantially black in the test medium. That is, the 

adding certain antibiotics to the medium. However, the chromogenic substrate does not interfere with the substan- 

antibiotic amounts added must be carefully controlled. tially black color. Advantageously, this property of nonchro- 

Further, the antibiotics which have been conventionally used mogenic substrates allows several dilierent biological enti- 

havc short life spans in the media so that they lose their ^-^^ ^ identified and differentiated in a single medium, 

potency quickly in other than a frozen condition. It may aggregations of each biological entity having a visually 

often be desirable to be able to culture, identify and cnu- distinguishable color. 

iHhibfted ^^^^ ^ ^ '^""^ ^ '° """""^ P'*^""^ °^ "'^ above^cscribcd invcn- 

20 tive medium, the medium further includes the antibiotic 

Further, in those cases where it is desirable to inhibit nalidixic acid to inhibit the growth of Aeromonas, spp. 

Aeromonas, it is desirable for a better method of so doing, Advantageously, it has been found that nalidixic acid, as 

one in which the shelf life of the medium is not appreciably compared with cefeulodio, does not significandy reduce the 

reduced by the inclusion of an inhibitor, ^ shelf life of the test medium incorporating it. 

Additionally, it is also desirable to distinguish strains of in this connection, another form of the present invention 

Salmonella and ShigeUa from E, colt, general coUforms and provides a method of making a test medium for detecting at 

Aeromonas. least one first type of biological entity and inhibiting a 

SUMMARY OF THE INVENTION 30 ^^"^'^ ^ H^^'h ^'"^h'T Z 

medium. The method mchides the steps of combuung 

The present invention overcomes the disadvantages of desired substrates with a nutrient base medium; adding an 

prior art methods by providing a test method and medium for inhibitor to the medium; and then sterilizing the medium by 

quantitatively or qualitatively identifying and differentiating subjecting the medium to at least 100* C. Because the 

biological entities in a test sample that may include a 33 inhibitor is added as an initial step, subsequent sterile 

plurality of different biological entities. addition of inhibitor is unnecessary. 

The present invention introduces the ase of "nonchm- In another form thereof, the present invention provides a 

mogenic" substrates to enhance the distinction among mul- test medium for detecting, identifying and qualifying or 

tiple colors produced by distinct biological entities present quantifying first, second and third biological entities. The 

in the inventive test medium. Unexpectedly, it has been test medium includes a nutrient base medium including ions 

discovered that other '^chromogenic" substrates present in of a salt. First and second chromogenic substrates and a 

the inventive test medium do not interfere with the substan- nonchromogenic substrate are provided in the test medium, 

tially black color achieved with the nonchromogenic sub- Tlie first and second biological entities are responsive to the 

strate. That is to say, so long as a given biological entity is 45 first and the second chromogenic substrates, respectively, 

responsive to the nonchromogenic substrate, aggregations and the third biological entity is responsive to the nonchro- 

thereof present in the test medium will show as a substan- mogenic substrate. Aggregations of the lirsl biological entity 

tially black color — independent of whether such biological present in the test medium arc a first color, aggregations of 

entity is responsive to one, two or more chromogenic the second biological entity present in the test medium are 

substrates which are also present in the medium. The present a second color, and aggregations of the third biological 

invention exploits this hitherto unexplored properly of non- entity present in the test medium are substantially black, 

chromogenic substrates. In a preferred form, the inventive test medium accounts 

In one form thereof, the present invention provides a test for the third biological entity being responsive to the first 

medium for detecting, identifying and qualifying or quan- 55 arid/or the second chromogenic substrates in addition to the 

tifying first and second biological entities. The test medium nonchromogenic substrate. In such event, aggregations of 

inchides a nutrient base medium including ions of a salt, a the third biological entity will nonetheless show as substan- 

chromogenic substrate and a nonchromogenic substrate. The tially black. 

first biological entity is responsive to the nonchromogenic It should be appreciated that the use of a nonchromogenic 

subsirale whereas the second biological entity is responsive substrate along with one or more chromogenic substrates 

to the chromogenic substrate. In this test medium, aggrcga- syncrgistically increases the number of biological entities 

tions of the first biological entity present in the test medium that can be detected and distinguished in a single medium 

are substantially black and aggregations of the second and synergistically increases the possible color combina- 

biological entity present in the test medium are a second 55 tions for a given set of biological entities to be detected, 

color, the second color being distinguishable firom the sub- Stated another way, including a nonchromogenic component 

sianiially black. as one of the substrates synergistically increases the degrees 
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of freedom in selecting other substrates and corresponding 
colors for a test medium. This is so because an aggregation 
of the biological entity which is responsive to the nonchro- 
mogenic substrate will dependably show as substantially 
black. Nu combined culur eUcclsDced be accuunled for with 
the □onchromogeoic substrates. For example, in a test 
medium including three chromogenic substrates and a non- 
chromogenic substrate, at least three combined color com- 
bination effects are avoided by using the one nonchromoge- 
nic component, as compared with using four chromogenic 
components. 

The present invention, in another form thereof, provides 
a test medium capable of detecting, quantifying, and differ- 
entiating general coliforms and/or E. coli spp. under ambient 
light. The test medium comprises a nutrient based medium 
including a salt. A first substrate capable of forming a first 
water insoluble component of a first color in the presence of 
E. coli and the ions of the sail is provided in the medium. 
The first color is substantially black. A second substrate 
capable of forming a second water insoluble component of 
a second color in the presence of general coliforms is 
provided. The second color is visually distinguishable from 
the first color. Thus, colonies of E. coli present in the test 
medium are indicated by the first substantially black color 
and colonies of general coliforms are indicated by the 
second color. 

In a preferred form of the above invention, the test 
medium further includes a third substrate capable of forming 
a third water insoluble component of a third color in the 
presence of Salmonella or Shigella spp. The third color is 
distinguishable from the first and second colors, whereby the 
test medium is capable of quantifying and/or differentiating 
E. coliy general coliforms and Salmonella or Shigella spp. 
Further, the substrates are selected such that general 
coliTurms present in the test medium will also react with the 
third substrate to form a water insoluble component which 
includes the third color. Consequently, general coliform 
colonies are indicated in the test medium as a fourth color, 
the fourth color being a combination of the second color and 
the third color. The fourth color is visually distinguishable 
from the first and third colors. Still fiirther, the substrates can 
be selected such that Acromonas spp. form an insoluble 
component of the second color by reacting with the second 
substrate, but not the first and third substrates. Thus, in the 
inventive test medium, E. coli colonies will be generally 
black, general coliform colonies will be the fourth color, 
Aeromonas colonies will be the second color and Shigella or 
Salmonella colonies will be the third color. 

In another form thereof, the present invention provides a 
method for detecting, quantifying and differentiating under 
ambient light general coliforms, £. coli^ and at least one of 
the genera Aeromonas, Salmonella or Shigella in a test 
sample. The method comprises the steps of providing a 
nutrient base medium including first, second and third 
substrates. Each of the substrates is capable uf forming a 
water insoluble component in the presence of at least one of 
general coliforms, E, coli, Aromonas, Salmonella or Shi- 
gella. The substrates are selected such that colonies of £. coU 
produced in the test medium arc a first color, colonies of 
general coliforms produced in the test medium are a second 
color, and colonies of one of Aeromonas and Salmonella or 
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Shigella produced in the test medium are a third color. Each 
of the colors are visually distinguishable. The test medium 
is inoculated with the test sample and then incubated. The 
test medium is then examined for the presence of first 

^ culunies having the first color, second colonies having the 
second color, and third colonies having die third color. The 
first colonies are E. coli, the second colonies are general 
coliforms, and the third colonics arc one of Acromonas, 
Salmonella or Shigella. 

In a preferred form thereof, the inventive method further 
includes adding ions from a salt to the lest medium to react 
with one or more of the substrates. In so doing, a precipitate 
is produced which shows as a substantially black color in the 

35 presence of the specific enzyme for that substrate. A pre- 
ferred compound for forming the substantially black color in 
the presence of the ions of the salt consists of a p-D- 
glucuronide. These compoimds release an aglycone when 
hydrolized which forms a substantially black insoluble com- 
plex in the presence of ions. 

In another preferred form of the inventive method, the 
method further comprises examining the test medium for the 
presence of fourth colonies having a fourth color, wherein 

25 the substrates are selected such that colonies of Aeromonas 
are the third color and colonies of Salmonella or Shigella are 
the fourth color, the fourth color being visually distinguish- 
able from the first, the second and the third colors. Mure 
preferably, the substrates arc selected such that the first color 
is substantially black, the second color is substantially 
blue-violet, the third color is substantially red-pink and the 
fourth color is substantially teal-grcen. 
In another preferred form of the inventive method, the 

35 substrates are selected such that colonies of Aeromonas as 
well as colonies of Plesiomonas and Vibrios are indicated as 
the third color. 

One advantage of the present invention is that il uses a 
nonchromogenic substrate along with one or more chro- 

^ mogenic substrates and thereby synergisiically increases the 
degrees of design freedom in selecting colors for the inven- 
tive test meditun. ilus is so because the chromogenic 
substrates do not interfere with the substantially black 

45 precipitate formed by the nonchromogenic substrate. 

Another advantage of the present invention is that enables 
the quantification, identification and differentiation of four 
(4) different bacterial strains simultaneously in a single test 
mediiuD using a single test sample, under ambient lighting. 
Subsequent tests with their concomitant extra time spent and 
extra costs are avoided. Of course, the inventive test medium 
of the present invention could also be used purely for 
qualitative purposes, as a mere presence/absence (P/A) test. 

55 Yet another advantage of the present invention is that the 
substrates are selected such that the colors are easy to 
visually distinguish from one another without the need for 
UV light or other visual aids, other than, perhaps, magnifi- 
cation means. For example, in a preferred embodiment, £. 
coli colonics arc clearly indicated by a precipitate having a 
substantially black color, general coliform colonics are 
indicated by a blue-violet color, Aeromonas colonies are 
indicated by a red-pink color, and Salmonella or Shigella 

55 colonies arc indicated by a teal-green color. Because these 
colors are visually so distinct, confusion among the colors is 
greatly reduced as compared to prior an media. 
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Another advantage of the test medium of the present biological entities and specifically of bacteria varies wth the 

invention is its flexibility and ease of use. The incubation genus, and/or family of bacteria of interest. 'Ibe method and 

temperature is not critical as growth and differentiation of test media incorporating the present invention further utilize 

the organisms mentioned may occur within an optimum the fact that various enzyme identifying substrate complexes 

range. Therefore, resuscitation steps arc avoided and inW- ^ can be used to identify specific enzymes with the production 

bitionof temperature sensitive strains does not occur. Also, of distinctive colore. Significantly, the method and test 

inexpensive equipment may be used. ^^^^ incorporating the present invention exploit the fact 

Yet another advanUge of the present invention is that it that chromogenic substrates present in a test medium do not 

intensities the color distinction obtained in a test medium tor interfere with the substantiaUv black color produced by 

identifying and differentiating E. coli from general uonchromogcnic substrates. 

coliforms. In a preferred test medium, E. coli colonics «„ , . . , . . 

present a substantially black color, whereas general ^^^^^ nonchromogemc substrates are knoxvn m the art, 

coliforms present a red-pink color, the distinction therebe- ^^^^ ^^^"^^^ properties vis-a-vis chromogenic sub- 

tween being much more apparent than in prior art test media. 15 ^^'^^^^ unrecognized. However, the behavior of a 

Confusion between the two colors is therefore greatly nonchromogenic substrate in a medium including a combi- 

reduced. nation of chromogenic substrates is unique. To illustrate. 

Still another advantage of the present invention is that it aggregations of a biological entity which is responsive to 

enables the identification and differentiation of Aeromonas chromogenic substrates will typically show in a test 

spp. from general coliforms. Prior art test media undesirably 20 medium as a combination of the the two colors produced 

require using a cefsulodin inhibitor for preventing Aemmo- upon cleavage of the two respective substrates. If three 

nas spp. from growing therein. However, the use of cefsu- chromogenic substrates are involved, the combined color 

lodin as an inhibitor requires an extra step in the process, effect could be prohibitively difficult to predict and account 

viz., sterile addition of filter sterilized antibiotic, and is for. Further, inherent variations in the amount of enzymes 

difiicult to control. Further, the presence of ce&ulodin ^ produced by particular strains of biological entities can 

significantly reduces the effective shelf fife of the medium. result in different shades or hues of colors upon cleavage of 

Further, the use of an inhibitor, obviously, prevents the the chromogenic substrates. Consequently, the colors can be 

detection and quantitification of Aeromonas spp. difficult to distinguish for the lay person examining the test 

Advantageously, with the present invention, Aeromonas spp. 30 medium. Chromogenic substrates must therefore be chosen 

can be detected, quantified and differentiated from general in view of the other chromogenic substrates planned for 

coliforms in a single medium. inclusion in a given test medium. 

As a related advantage, if it is nonetheless desired to Such is not the case with the nonchromogenic compo- 
inhibit colonies of Aeromonas spp. from growing in the test nents. While aggregations of biological entities which are 
medium, the present invention provides a superior means for responsive to chromogenic substrates in addition to non- 
doing so. Specifically, preferred forms of the present invcn- chromogenic substrates may show in the test medium as 
tion employ nalidixic acid as an inhibitor, which has been having a colored or tluoioescent "halo," such aggregations 
shown to have a far less deleterious effect to the .shelf-life of nonetheless appear substantially black and are therefore easy 
the medium incorporating it Further, nalidixic acid can be 40 to identify. Unlike chromogenic substrates, multiple 
added as part of the initial medium formulation prior to "degreesof freedom" are achieved with the nonchromogenic 
sterilization, thereby avoiding a costly and difficult process components by not having to take into account combined 
step which is required with cefsulodin. Finally, nalidixic color effects. 

acid is much less expensive than cefsulodin. u^^g g nonchromogenic substrate enables a single test 

Another advantage of the present invention is that it can medium to differentiate four (4) different bacterial strains 

provide a test medium for qualitative or quantitative testing. with four (4) visually distinguishable colors. The black color 

That is, the test media in accordance with the present is superior in that it is difficult to mistake. Further, the 

invention can be used as mere presence/absence test devices, substantially black pigmentation does not diffuse so that the 

or can be used to quantify various biological entiUes show- 50 location of the colonies is precisely known and the colonies 

ing as different colored colonies on the inventive test media. can be accurately counted. The nonchromogenic substrates 

DETAILED DESCRIPTION OF THE produce an insoluble chehited compound which is different 

INVENTION than the dimer which is produced by the chromogenic 

The method and medium of the present invention allow 55 substrates, 

the simultaneous detection, quantification, idenlificatiun and Th© inventive test medium and method allows not only a 

differentiation of a variety of selected biological entities in detection, quantification or qualitative identification and 

a sample of mixed populations of biological entities. The differentiation of general coliforms and E, coli, but also of 

inventive method and medium are particularly u.seftil for the Salmonella, Shigella and Aeromonas, as well as Plesiomo- 

detcction, quantification, identification and differentiation of ^ °3S and Vibrio. Plesiomonas and Vibrios species are deter- 

E. coli and general coliforms, and further quantitative iden- mined but not differentiated from Aeromonas spedes as they 

tificaiion and differentiation of other selected biological are very closely related 
entities, including Aeromonas, Salmonella, Shigella, 

l^seudomonas, and W)rio bacterial species. DEFINITIONS 

llie method and test media incoiporating the present Biological entities, such as general coliforms, E. coli., 

invention utilize the fact that the enzymatic activity of etc., are herein referred to as being "responsive" to certain 
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chromogcnic and nonchromogenic substrates. More with chromogenic components mtist be present in the test 

specifically, a biological entity will predictably produce medium when the substrate is cleaved by its corresponding 

specific enzymes when the entity is present in a test medium enzyme. The substantially black precipitate formed thereby 

such as the one described bereinbelow. These enzymes will is a combination of the substrate — salt complex and is not a 

selectively cleave chromogenic and nonchromogenic sub- * dimer as is formed by the "chromogenic compounds." 

slrates. Upon cleavage, these substrates produce a color in por purposes of this specification, the expression "under 

the test medium. The mechanism for producing the color is ambient light" refers to the visible spectrum, i.e., colors 

different for chromogenic and nonchromogenic substrates, which can be seen and distinguished with the naked eye. A 

as described hereinbelow. lo colony present in a test medium which requires ultraviolet 

Microorganisms having p-galactosidase activity include light to be seen, for example, would not fall under the 

tho.se commonly known by the designation "coliform." defiinition"imderambientlight". However, it is to be under- 

There are various definitions of "coliform," but the generally stood that the term "under ambient light" includes using a 

accepted ones include bacteria which are members of the magnification device, if necessary. Magnification can be 

Enterobacteriaceae family, and have the ability to ferment especially helpful when counting numerous colonies. The 

the sugar lactose with the evolution of gas and acid. Most term "visually distinguishable" refers to two or more colons 

coliforms are positive for both a- and P-galactosidase, That which can be differentiated under ambient light, 

is, they produce both a- and p-galactosidases. por purposes of this specification, the term "substantially 

Microorganisms having p -glucuronidase activity in addi- 20 black" includes dark brown to black, and also includes black 

tion to galactosidase activity primarily include most strains with various colored halos, such as red-violet, green, 

oiEscheridiia coli. That is, £. coli is positive for both a- fluorescent, etc. 

and p-galactosidase as weU as fJ-glucuronidase. por further purposes of this specification, color names 

The term "general coliforms" as used in this application 25 recited herein arc given as guidance, but it is to be undcr- 

refers to coliforms other than the various strains of £. coli. stood that the color names are to be read broadly. That is, 

The.se "general coliforms" are gram-negative, non-spore there can be overlap among the recited colons. This is 

forming microorganisms generally having a- and because, as discussed, biological entities produce varying 

p -galactosidase activity (i,e., lactose fermenters), but not amounts of enzymes, \hiiich in turn affects the shade or hue 

having p -glucuronidase activity, and having the ability to 30 of the resulting color. 

ferment the sugar sorbitol. The term "p-galactosidase substrate" as used herein refers * 

For purpo.ses of this .specification, a "chromogenic .sub- to a p-ga1acto.side comprising galactose joined by p-linkage 

stratc" is a substrate which needs no additional chemicals to a substitucnt that fonns a water insoluble colored com- 

present in the test medium upon hydrolysis for color pro- 35 pound when liberated by the action of p-galactosidase on the 

duction. That is, a chromogenic substrate is cleaved by the substrate. Similarly, the term "a-galactosidase substrate" as 

specific enzyme corresponding to that substrate to form a used herein refers to a-galactoside comprising galactose 

dimer with the color being concentrated in the area of joined by a-hnkage to a substiiuent that forms a water 

cleavage of the substrate. Many chromogenic substrates are insoluble colored compound when liberated by the action of 

known in the art. For purposes of this specification "chro- ^ a-galactosidase on the substrate. The term" p -glucuronidase 

mogenic" includes ttuorogenic substrates. The products of substrate" as used herein refers to a p-gjucuronide compris- 

fiuorogenic substrates require ultraviolet (UV) light to be ing glucuronic acid joined by p-linkage to a substituenl that 

detected and are more soluble than preferred chromogenic forms a water insoluble colored precipitate when liberated 

substrates, so are therefore generally not preferred for use 45 by the action of p-glucuronidase on the substrate, 

with the test media disclosed hereinbelow, -phe a- and P-galactosidasc substrates and compounds 

Certain substrates, referred to herein as and any other substrates described herein as well as the 

"nonchromogenic," produce a dark, substantially black pre- P-glucuronidase substrates and compounds and any other 

cipitate in the presence of ions of a sah and enzyme activity. substrates described herein may comprise carboxylate salts 

For example, 8-hydroxyquinoline-p-D-glucuronide, when formed by reacting a suitable base with the appropriate 

included in a medium along with a salt that produces ions, galactoside or glucuronic carboxyl group. Suitable bases 

such as ferric ammonium citrate, will produce a substan- include alkali metal or alkaline earth metal hydroxides or 

tially black precipitate in the presence of p-glucuronidase carbonates, for example, sodium hydroxide, potassium 

produced by E. coli or other biological entities. More 55 hydroxide, calcium hydroxide, magnesium hydroxide, and 

specifically, upon cleavage of the nonchromogenic subsu-ate corresponding carbonates; and nilrugen bases such as 

by the particular enzyme, a substantially black water- ammonia, and alkylamincs such as uimcthylaminc, tricthy- 

insoluble complex forms in the medium. The substantially lamine and cyclohexylamine. 
black precipitate consists of the ferric ions and the aglycone 

released when the substrate is hydrolized by the glucu- ^ Designing a Test Medium fiar Specific Biological 

ronidase firom £. coli. This precipitate is a chelated com- Entities 

pound which does not diffuse. Nor is the substantially black Certain members of the family Enterobacteriaceae can be 

color susceptible to interference from chromogenic com- distinguished by the presence of a-galactosidase activity in 

pounds present in the test medium. the absence of 'p -galactosidase activity, or vice-vcrsa. For 

l^r purposes of this specification a "nonchromogenic example, most Salmonella and Shigella spp, are positive for 

substrate" means that a chemical in addition to those used a-galactosidase, but negative for P-galactosidase. Similarly, 
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Acromonas spp. can be distinguished from other members 
of the family Enterobacteriaceae by the presence of 
p-galactosidase activity in the absence of a-galactosidase 
activity. Hie method and mediimi incorporating the present 
invention are designed to take advantage of these distin- 
guishing characteristics. For example, ihe specificity of 
enzyme activity for Salmonella and Aeromonas spp., as 
opposed to general coliforms, can be exploited, as illustrated 
below. 

The method described herein is particularly suitable for 
the detection, quantification or qualitative identification and 
differentiation of the different cla.sses of microorganisms 
described previously, viz., general coliforms, E. coli^ Aero- 
monas and Salmonella and Shigella spp. Although the 
inventive method is particularly suitable for these particular 
microorganisms, it is not limited thereto. Instead, the tech- 
niques described herein have application to the identification 
and differentiation of a wide variety of biological entities. 

That is, specific biological entities are "responsive" to 
various substrates. More particularly, these biological enti- 
ties predictably produce or contain known enzymes. 
Substrates, either chromogenic or nonchromogenic, can be 
selected which, in the presence of a particular enzyme(s), 
will form an insoluble component of a predictable and 
distinguishable color. Multiple substrates can be selected to 
simultaneously identify a plurality of distinct biological 
entities in a single test medium, aggregations of each distinct 
entity being identifiable by a separate, distinguishable color. 
Further, while the preferred embodiments disclosed herein 
distinguish all of the various aggregations present in a test 
medium under ambient light, as that term is defined herein, 
such is not necessary. For example, several substrates dis- 
closed herein require the use of ultraviolet light for the 
aggregations present in the medium to be seen. 

Table I lists various enzymes whose presence may be 
detected using certain of the substrates listed in Table II. 

TABLE I 

Cnzjuics and Abbreviations 



Aara = a-D-arabinopyranosidase 
Agal a a-D-galactopyranosidase 
Aglu a a-D-ghicopjTanosLdase 
Ucel B ^-U-oeilopyraaosldase 
Bftic = (Vr>-fucop)Tanosidn5;e 

Bgal " ^D-galactopyranosidsise 

Afiic - a-D-fucopyraoosidase 
Bxyl = P-D-xylopyranosidase 
Aman » u-I>niamiopyranosidasc 
Axyl » a-D-xy!opyianobidiisc 
esterase 



Bglu a ^D-glucopyianosidase 

Bgluc > ^D-gtucuronidase 

Bman ■ fS-D-manaopyranosidase 

Bxyl « [)>-L>-xyIcpyiBoosidase 

Nagal - N-acetyl-fWr>- 

g^ilactn py ra n n;; i daiic 

Naglu - N-aoctyl-p-D- 

glucopyranosidase 

Bars « ^D-arabinopyranosidase 

Acel " a-D-cellopyranosidase 

Agluc - u-I>g|ucuronidase 

Nagluc " N-acelyt-^-D-glucuroDidajie 



TABLED 



various Substrates and Color Upon Qeavage 



6<hloro-3-indolyl sufastmtes 
5-broino-4-chIoro-3-inddyI substrates 
3-uidulyl btisslrales 
N-metbyliadoIyl sutsirdles 
attiopheoyl substrates 
nitroaniluie substrates 



Pink 

Teal 
Green 
Yellow 
Yellow 



10 



15 



25 



30 



35 



4U 



45 



50 



55 



60 



65 
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lABLH Il-continued 



\^fious Substrates and Color Upon Oeavags 



8-hydroxyquinoline substrates (and ion of salt) 


Substantially black 


cyclohexenoesculetin substrates (and ion of salt) 


Substantially black 


esculetin substrates (and ion of salt) 


Substantially black 


quinoline substrates (and ion of salt) 


Substantially black 


5-Iodo-3-IndolyI substrates 


Puiple 


5-Brumu-6-Chlaru-3-[ndulyl subslrales 


Magenta 


6-Fluoro-3-Indolyl substrates 


Pink 


coumarin substrates 


Fluorescent 


fluorescein substrates 


Fluorescent 


rhodamine substrates 


Fluorescent 


rcaorufiin substrates 


Fluorescent 



Specific substrate compounds applicable for use with the 
test medium of the present invention are available as fol- 
lows: 

5- bromo-4-chloro-3-indolyl-P-D-galactopyranoside 
(X-gal) is a commercially available p-galactosidase sub- 
strate that produces £m insoluble precipitate having an 
approximately teal color when reacted upon by 
P-galactosidase and is available from Biosynth 
International, Naperville, III. 

6- chloro-3-indolyl-p'D-glucuronide is a compound 
which produces an insoluble precipitate having a magenta 
color, the preparation of which is described in the afore- 
mentioned incorporated by reference U.S. Pat. No. 5,210, 
022 and is available from Research Organics, Cleveland, 
Ohio. 

The compound 5-bromo-4-chloro-3-indolyl-P-D- 
glucuronide (X-gluc) is a commercially available 
|3-glucuronide that produces an insoluble precipitate having 
an approximately teal color when reacted upon by 
p-gluaironidase. Similarly, indoxyl-p-glucuronide is a simi- 
lar compound, the preparation of which is described in the 
aforementioned article by Ley et al., in Can J Microbiol,, the 
disclosure of which is incorporated by reference. 

Another suitable P-galactoside is the compound 6-chloro- 
3-indolyl-p-D-galacioside which produces an insoluble pre- 
cipitate having a pink/'magenta color, the preparation of 
which is described in the aforementioned U.S. Pat. No. 
5.210,022. 

Other suitable compounds applicable as substrates in the 
practice of the present invention are specified in U.S. Pat. 
No. 5^10,022, all of which are incorporated herein by 

reference. 

The substrate 8-hydroxyquinoline-P-D-glucuronide is a 
commercially available P-glucuronide that, in the presence 
of metallic ions such as iron, produces an insoluble precipi- 
tate having a substantially black color when reacted upon by 
p-glucuronidase and in the presence of other a- or 
p-galactoside substrates. 8-hydroxyquino1ine-p-D- 
glucuronide is available from Biosynth International, 
Naperville, IlL 

Further, a salt providing ions suitable for use with the 
present invention is ferric ammonium citrate, available from 
Sigma C!hemical, St. Louis, Mo. The cyclohexenoesculetin 
substrates arc described in James ct al., AppL & Emir, 
Micro. 62:3868-3870 (1996) and in the presence of ferric 
ions, produce an insoluble substantially black precipitate. 

N-mcthyl-indolyl substrates such as N-methylhydroxy-P- 
D-galactopyranoside are commercially available from Bio- 
synth Intemaiional, Naperville, 111. 



nipnta<;8ium Phosphate 


.3 gm 


Deionized Water 


990 ml 


Ferric Ammooium Citrate 


800 mg 


(sterilized separately from 


in 10 ml deiomzed water 


the other components) 
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Nitrophenyl substrates, such as 2-nitrophenyl-p-D- 

galactopyranoside, are commercially available from Bio- -continued 
synth International, Naperville, 111. Similarly, nitroaniline 
compounds are available for synthesis through Sigma 
Chemical, St. Louis, Mo. 

Other substrates producing a substantially black color 
include esculetin substrates such as cyclohexenoesculetin- 

P-D-galacioside, which is described in James et al, App/. & ^nd then sterilizing at 121** C. for 15 minutes. The medium 

Envir. Microbiol: 62:3868-3870 (1996). Quinoline 10 should be adjusted to resuh in a pH of 7.0. The sterilized 

substrates, such as 8-hydroxyquinoline-p-D- agar medium is allowed to drop to a temperature of 45* C. 

galactopyranoside and 8-hydroxyquinoline-p-D- in a water bath and then the sterile solution containing the 

glucurouide are available through Biosynth International, substrates prepared as described above is added. The 

Naperville, Dl. medium is mixed thoroughly and poured into sterile petri 

ii-jii 1** I c-j-a-iiiof^-^^ P^^^^s at a volume of 20 ml/plate, 

odo-mdolyl substrates, such as S-iodo-S-mdolyl-P-D- ^ pectin-based test medium may be prepared using the 

galactopyranoside are available through Biosynth ^^^^^ ^^^^^^^ ^^^^p^ ^^^^ 25 gm of low 

International, Naperville, 111. methoxyl pectin is used as the solidifying agent and the 

Several fluorescent substrates are suitable for use with the medium is poured at room lemperaluie into pelri plates 

present invention. Coumarin substrates such as containing a thin gel layer containing calcium ions which 

4- melhylumbcllireryl substrates and combine with the pectin to form a solid gel. A suitable pectin 

5- trifluoromcthylumbcllifcryl substrates arc commercially culmre medium is described in U.S. Pat. No. 4,241,186 and 
avaUable from Biosynth International, Naperville, lU. Also U.S. Pat. No. 4,282,317, the disclosures of which are incor- 
suitable are fluorescein substrates, rhodamine substrates, 25 porated herein by reference, A pectin-based medium is 
and rcsorufin substrates. No commercial source is known for preferred over a standard agar medium because it has the 
these three substrates but components are available from advantages of convenience and temperature independence 
Sigma Chemical, St. Louis, Mo. for the user. The use of pectin media is well described and 

While specific examples of substrates suitable for use accepted as a result of AO AC collaborative smdies and other 
with the present invention have been enumerated published and in-house investigations, 
hereinabove, such is not to be construed as limiting the A suitable pectin medium is commercially available from 
invention in any manner. Instead, one of ordinary skill in the Micrology Laboratories, LLC under the trademark Easy- 
art can use Table IV and Vhereinbelow to identify a virtually gel®. Aqueous based medium without gelling agent is 
limitless number of substrates. 35 available from Micrology Labs, Goshen Ind., for use with 

membrane filters. 

Preparation of Test Medium 

Inoculation of the Test Medium With the Sample 

The test medium is formed by combining the desired 

substrates with a nutrient base medium. The nutrient base ^ ^^^^ "'^^^^"^ "^^y inoculated with a sample to be 

medium can be any culmre medium known in the art for ^^'^^ ^""^ P^^^°^ microorganisms by any method 

providing the mainicnance and reproduction of living cells. moculating a medium with a sample 

Generally, such media include nutrients, buffers, water, and ^°^^m microorganisms. For example, the sample to be 

sometimes a gelling agent. Possible gelling agents include ^^^^^ ^^^^ P^^^ P^^^^s prior to adding the 

agars, pectins, carrageenans, alginates, locust bean, and « nutnent base medium (pour plate technique) or spread on the 

xanthins, among others. ^^^^^ P*^^^^ ^^^^ ^^^y ^^"^^ ^^^^ solidified 

, ^ L ... (swab or streak plate technique). Liquid samples may also be 

The followmg is an example of the preparation of a test ,u u - ac • . • \ 

. r ■ , - . . * ^ . , filtered through a micropore (0.45 micrometer size) mem- 

medium smlable for use m this mvention. This example au^ , u- u • .u 1 j _r / t-j 

. . , , . - , ^ , ^ brane filter which is then placed on the surface of a sohd 



medium or on a pad saturated with the medium. 



coincides with Example 1, below. so 

The substrates 8-hydroxyquinoline-p-D-glucuronide, 
5-Bromo-4-chloro-3-indolyl-a-D-galactopyranoside, and Incubation of the Test Medium 

6.Chloro-3-indolyl-p-D-galactopyranoside are added in The inoculated lest medium is incubated for a suflicient 

quantities of 250 mg/L medium; 70 mg/L medium; and 175 time and at such a temperature for individual microoigan- 

mg/L medium, respectively. The substrates are added isms present in the sample to grow into detectable colonies, 

directly to the hot (75**-85** C.) medium (formula below) in Suitable incubation conditions for growing microorganisms 

a blender prior to sterilization. in a medium are known in the art Commonly, the test 

Standard agar medium may be made by adding 15 gm of medium is incubated for about 24-48 hours at a temperature 

bacteriological quality agar gum to the following nutrient of about 30**-40** C. 

formula Unless inhibitors of the general microbial population arc 

used, the general microbial population as well as general 

ooliforms, £. co/i, Aeromonas spp. , and Sa Imonella spp . a nd 

ftmcieatic Digest of Qtteiii 5.0 gni 65 Shigella spp. will grow in the incubated lest medium. 

Yeast Extract 3.0 gm tiecause the precipitates formed are insoluble in the lest 

medium, they remain in the immediate vicinity of microor- 
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ganisms producing the various enzymes. As the microor- plate. The number of colonies of each type indicates the 

ganisms reproduce to form colonies, the colonies show as number of microorganisms of each type originally present in 

colony forming units having the color produced by the the sample before incubation, 
particular substrate. 

For example, E. coli produces P-galaclosidase and ^ Optional Ingredients 

a-galactosidasc, but, unlike general coliforms and Acromo- Inhibitors 

nas spp., also produces p -glucuronidase. Therefore, *u j * *i. . • j 

1 ui % * c u c o The method of the present invention does not require 

insoluble precipitates of each of the fi-galactosidase . „ . ^ . 

. , ' ^ 1 * -J L I . J .t_ mhibitors. However, the medium may be made more selec- 

substrate, the a-galactosidasc substrate and the lo p , ,.p , r i • , l . 

o , . , . , , o J u *i- r ^1^'^ general cohforms and E. coli if desired by the 

p-glucuronide substrate are formed by the action of the jj. . r . , , . 

^ 1. *u . 1 • r P ft. addition of various compounds that arc inhibitor\' to the 

respective enzvmes such that colonies of £. coh show as a . • * - , , - . , , 

, , . . . ..... general microbial population, but have httle or no effect on 

substantially black color, sometimes havmg a violet-blue „ f , . . . 

. , J conforms. Following are some compounds which may be 

halo therearound. , v... . . «. .v v. 

15 used: a) bile salts, about 0.3 g/hter, b) sodium lauryl sulfate. 

General coliforms produce P-galactosidasc and about 0.2 g/Iiter, c) sodium desoxycholate, about 0.2 g/liter, 

a-gaiactosidase and consequently cleave both the d) Tergitol 7, about 0.1 mLOiter. The use of one or more of 

a-galactosidase and p-galactosidase substrates. In the ^hese compounds reduces the background (non-coliform) 

presem example, the 5-Bromo.4-chIoro-3-indolyl.a.D- microorganism presence and makes a less cluttered plate and 

galactoside substrate produces a blue-green or teal color, 20 eliminates the possibihty of inhibition or interference by the 

whereas the 6-Chloro-3-indolyl-p.D-galactoside produces a non-coUform organisms in the sample. The use of certain 

pink, or red-pink color. Ihus, general coliform colonies will antibiotics may accomplish the same resuh. 

show as a blue -violet color, which is a combination ol the ^ ^ , . , , . , . , 

, jju ur.i. Cetsulodin is commonly used m currently available test 

colors produced by each of the a- and 6-galactosides, j . .. , 

, 25 media to mhibit Aeromonas spp. However, the use of 

respectively. r , j. . ^n.. . . , 

cefsulodm as an mhibitor requires an extra step in the 

Significantly, however, it has been found that Aeromonas process, viz., sterile addition of filter sterilized antibiotic, 

spp., which are closely related to coliforms, and give an Th^^ g^ep is difficult to control. Further, the presence of 

almost Identical biochemical test pattern, are cefsulodinsignificantlvreducestheeffectiveshelf Ufe oflhe 

p-galactosidase positive and a-galactosidase negative. That 30 ^^^^ ^^^^ ^^^^ ^^^^ Nahdixic acid can be used 

is, Aeromonas spp. will not hydrolizc the a-galactoside instead of Cefeulodin to inhibit Aeromonas spp. %vith about 

substrate. Therefore, Aeromonas colonies present in the test ^^^^^ ^aUdixic acid is preferable because it can 

medium wiU show as colonies having the pink-red color ^^i^^ approximately 120^ C. temperature reached in 

produced by the P-galactoside substrate. 3^ autoclaving the test media. Therefore, unlike cefsulodin, 

Further, it has been found that most members of the nalidixic acid can be added to the test media as part of the 

genera Salmonella and Shigella are positive for initial media formulation prior to .sterilization (see, prepa- 

a-galactosidase, but negative for p-galactosidase. lliat is, ration of test medium, above). It also follows that the 

Salmonella and Shigella will not hydrolize the resistance of the nalidixic acid to unfavorable environmental 

P-galactosidasc substrate. Therefore, colonies of Salmonella ^ conditions will result in a longer shelf life for a medium 

and Shigella present in the test medium will appear as a teal, containing it as compared to cefsulodin. 
or blue-green color produced by the a-galactoside substrate. 

Occasionally, Shigella colonies will appear black with a Inducers 

blue-green halo since some strains of Shigella are positive 45 u is possible that the enzyme production of the general 

for p-glucuronidase, and some strains of Shigella will appear coliforms may be enhanced by the addition to the medium 

blue/purple since some unusual strains arc positive for both formulations of very smaU amounts of substances knowTi as 

a-galactosidasc and P-galactosidasc. enzyme inducers. One spedfic inducer for p-galacto.sidase is 

. r.. ... J available and is known chemically as isopropyl-p- 

txammation of the lest Medium and Hnumeration 50 ,k,-^„,i„^™ a^j- • .1 

of Microorganisms thiogalactopyranoside. Adding approximately 100 mg/hter 

of medium has a positive and noticeable effect on the speed 

The substrates selected for the above example produce of enzyme production for some species of coliforms. Other 

three distinct colors, and general coliforms are indicated by enzyme inducers are available and may be added to media 

a fourth color which is a combination of two of the three 55 formulations if enhanced enzyme production is deemed 

colors. That is, E. coli colonies show as substantially blade, helpful, 
general, coliform colonies show as blue-violet, Aeromonas 

colonies show as red-pink, and Salmonella and Shigella EXAMPLES 

colonies show as teal-grecn. While the individual shades of Listed below arc broad examples of test media enzyme 

these colors may vary somewhat in the test medium due to ^ substrate combinations to be used in combination with the 

factors such as varying enzyme production of the biological nutrient formula discussed above or other suitable nutrient 

entities, it has been found that these four colors are di.siinct formulas which may be prepared in practicing the present 

enough so that confusion amongst them is unlikely. invention. 

The colonics of each type of microorganism may be 55 Tabic in illustrates the flexibility of the preferred cmbodi- 

enumerated by counting the colonies or by other methods ments incorporating the present invention. Table 111 is a 

known in the an for enumerating mlcicorganisois on a test matrix of some of the possible four-color combinations 
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available for the preferred biological entities £. coli, general 
coliforms, and at least one of the genera Aeromonas, Sal- 
monella or Shigella to be detected by using the teachings of 
this disclosure. Other color combinations are possible. In 
many cases, a plurality of different substrates will achieve a 
desired result, the only difference being the colors detected 
for a specific enzyme. The preferred color choice for the 
detection of £. coU is denoted with an asterisk in Table III, 
depending on the colors chosen to detect other microorgan- 
isms. As discussed above, the substantially black color is 
prefenred because other chromogenic substrates do not inter- 
fere with it and the substantially black color is easy to 
distinguish from the other colors. 
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As discussed above, the use of Table III requires taking 
into account the combined color effect discussed above 
which is produced by the inclusion of multiple chromogenic 
substrates in a single medium. For example, with reference 
to the first entry in Table 111, it can be understood that general 
coliforms will appear as a combination of (1) red-pink 
(magenta) and (2) teal, the resulting color being blue-violet. 
This is the case because general coliforms are responsive to 
two chromogenic substrates. Similarly, general coliforms 
will show in a test medium in accordance with the second 
entry of Table III as a combination of (1) red-pink (magenta) 
and (2) yellow. 



TABLE III 



Cblor possibilities for detection of preferred microorganisins 



desired red-piol: or 



color- 


magenta 


teal 


green 


yellow 


black 


fluorescent fluorescent 


1 


culiTurni:) 
Aeromonas 


general 
ootiforms 
Salnionella/slu 
gdla 


EcoU 


E coU 


E coli* 


Ecoti 


2 


general 

coliforms 

Aeromonas 


EcoU 


EcoU 


general colifiarms 

Salmonella/ 

shigella 


E coU* 


Ecoli 


3 


Ecoti 


general 

ootifonns 

Aeromonas 


E coli 


geneml coliforms 

Salmonella/ 

shigella 


E coli* 


Ecoli 


4 


general 
coliforms 
Salmonella/shig 
ella 


EcoU 


general 

coliforms 

Aeromonas 


E coU 


E coli* 


EcoU 


5 


Ecoti 


general 
coliforms 
Salmonellal/shi 
gel la 


general 

coliforms 

Aeromona.<t 


E coU 


E coli* 


EcoU 


6 


Ecoti 


EcoU 


general 

coliforms 

Aeromonas 


general coliforms 

Salmonella/ 

shi^lla 


E. coW 


E. coli 


7 


Ecoti 


EcoU 


E coli 


EcoU 


general 

coliforms 

Aeromonas 


general coliforms E. coli 

Salmonella/ 

shigella 


8 


general 

coliforms 

Aeromonas 


E coU 


E coU 


E. coli 


E coU* 


general culifoims £. cUi 

Salmonella/ 

shigella 


9 


Ecoli 


general 

ooliforms 

Aeromonas 


E.COU 


EcoU 


EcoU* 


general ooliforms £ cob* 
Salmonella/ 

shigella 


10 


Ecoti 


EcoU 


general 

coliforms 

Aeromonas 


EcoU 


E coU* 


geneml ooliforms E coU 

Salmonella/ 

shigella 


11 


Ecoli 


E. coli 


E. coli 


genera) coliCorms 
Aeromonas 


EcoU* 


general odiforms E coU 

Salmonella/ 

shigella 


12 


general 

coliforms 

Aeromonas 


E coii 


Ecoli 


E.coli 


general 
coliforms 
Salmonella/shi 
gclla 


Ecoli 


1.1 


Ecoli 


general 

coliforms 

Aeromonas 


EcoU 


E roU 


geneial 
ooliforms 
Salmonella/shi 
gella 


EcoU 


14 


E. coU 


E.coli 


general 

coliforms 

Aeromonas 


E.coU 


general 
coliforms 
Salmondla/shi 
gpUa 


EcoU 


15 


Ecoli 


EcoU 


Ecoli 


general coliforms 
Aeronu>nas 


general 
coliforms 
Salmocdla/shi 
gella 


Ecoli 


16 


Ecoti 


E coU 


E coli 


EcoU 


£. coW 


E. coli geneml 



fluorescent 



general 
coliforms coliforms 
Aeromonaceae Salmonella 
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TABLb Ul-continued 







Color Dossibilities for detection of ureferred microonraaisniB 






desired red-pink or 










color- magenta 


teal 


green yellow black fluorescent 


fluorescent 


fluorescent 








monas 


/Shigella 



*" preferred ojlur for E. coH 



Table IV is a partial list of enzyme patterns for biological undeistood that Table V teaches a large quantity of sub- 
entities preferred to be to be detected in accordance with the strates possible for use in accordance with the present 
teachings of this disclosure. It is to be understood that one invention. Many of the substrates identified by the above- 
of ordinary skill in the art would readily recognized that 15 described use of table V arc commercially available, 
other enzymes which arc known and have been produced, whereas the method for producing other identified substrates 
and enzymes which are known only on a theoretically level, is described in the literature. Still other substrates identified 
would also perform satisfactorily. by using table V are only theoretically possible. 

TABLE IV 



GENERAL ' Salmonella/ 

ENZYME NAME E coli COLIFORM Aeromonas Shigella Plesiomonas Vibrio 



Aara- 

a-D-arabinopyranosidase 
Aga!= 

a-D-gidaclcpyniDUsidiisc 
Aglu= 

a-D-glucopyranosidase 
Dcel** 

^- D-cc Uop )Ta nosidase 
Bfiic- 

^- D-fucopyra nosidasc 
Bgal- 

^- D-galactopyranosidase 
Bgal- 

^-D-glucopyiaaosidase 
Bgluc- 

^ D-glucuronidase 
Bman™ 

(S-D-mannopyranosidase 
tixyl- 

fVD-xylqiyranosidase 
Nagalo 

N-acetyl-p-I>g8lactopyninosLdase 
Naglu » N-acetyl-^D-glucopyranosidase 
Aman" 

u-D-mannopyianosidase 

esterase » 

esterase 




Table V is a matrix which teaches a wide variety of 
substrates and their associated colors for use in test media in so 
accordance with the teachings of this disclosure. The left 
hand side of Table V indicates the color that will result when 
the listed chromogenic component is cleaved from its cor- 
responding substrate by the specific enzyme for that sub- 
strate. In the case of the nonchromogenic components, the 
color is substantially black and the reaction mechanism 
requires the presence of ions of a salt upon cleavage of the 
substrate, as explained above. 

Test enzymes which are produced by certain biological 
entities (see Table IV) are found at the right hand side of 
table V. "Substrate components" are ^own to the left of the 
specific test enzymes. Each of the substrate components 
listed on the right hand side of table V can be combined with 
any of the chromogenic or nonchromogenic components ^ 
listed on the left band side of table V to identify a specific 
substrate for use in a test medium. It can therefore be 



Nonchromogenic components are included at the bottom 
left hand side of Table V, and are different from the chro- 
mogenic components because they do not form specific 
colors upon cleavage. Instead, the quinoline or esculetln 
components combine with ions of a salt (e.g., ferric salt) 
which must be present in the medium when the substrate is 
cleaved by the specific enzyme. The substantially black 
precipitate formed by the nonchromogenic components is a 
combination of the quinoline or esculetin — ^iron complex 
rather than a dimer which is formed by the chromogenic 
components. 

Unlike nonchromogenic components, the chromogenic 
components should be selected in view of all other chro- 
mogenic components selected for the medium and in \iew of 
the enzyme patterns of the entities to be detected. The 
selection of chromogenic components should maximize the 
distinction among the respective colors produced. 
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While many various chromogenic component and sub- 
strate component,/enzyme possibilities are taught by Table V, 
other possibilities within the scope of the appended claims 
would be possible by one of ordinary skill in the art. For 
example, as shown in Table V, one of ordinary skill in the art 
could combine an N-acetyl group with many of the sugars of 
the substrate components listed in Table V. For example, an 
N-acetyl group could be combined with P-D- 
mannopyranoside to form N-acetyl-p-D-mannosaminide, 
the corresponding enzyme being N-acetyl-p-D- 
mannosaminidase. Any of the chromogenic components or 
nonchromogenic components listed on the left hand side of 
Table V could then be combined with the substrate compo- 
nent to idcntif>' a substrate. If the substrate is commercially 
available or the method of making it is known, the substrate 
could be used in a test medium. Upon cleavage of the 
substrate by the corresponding enzyme in the test medium, 
the color listed will appear. 
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Generally, the teachings of this disclosure can be used as 
follows to make a test medium for detecting various micio- 
oiganisms or cell types. First, the microorganisms desired to 
be detected and diii'erentiated are selected. The preferred 
organisms to be detected are E. coli, general ooliforms, and 
at least one of the genera Aeromonas, Sahnonelia or Shi- 
gella. Enzymes produced by the selected organisms can be 
identified with reference to Table IV Equipped with knowl- 
edge of specific enzymes produced by each miciuoiganism, 
one can then identify corresponding substrates components 
from the right hand side of Table V. Depending upon the 
color desired, one can select a chromogenic or nonchro- 
mogenic component firom Table V to be combined with the 
substrate component to identify a substrate for inclusion in 
the test medium. If the substrate thereby identified is com- 
mercially available or the method of its synthesis is known, 
the substrate can be used in the test medium. 



TABLE V 



COLOR COMPONENT AND SUBSTRATE COMPONENT MATRIX 



CHROMOGENIC 
COMPONENT & 

6-fluoro-3-mdolyl- 
6-chloio-3-mdolyl- 
5-bromo-6-cbloio-3-indolyl- 

3- uidolyI- 

5-broino-4-chlorf>-.Vindolyl- 

5-iodo-3-iondolyl- 

N-meihylindolyl- 

4- methyluinbelliferyl- 
rhodamine' 
fluoiescein- 
resorufin- 
cuumarin 
aitropbeoyl- 
nitioaniline 

NONCHROMOGENIC 
COMPONENT 



(COLOR) SUBSrrRATE COMPONENT - TEST ENZYME 

(pink) a-D-arabinopyranoside - Aara. 

(pinyied) a-D-cellopyraQOside - AceL 

(magenta) a-D-fiicopyranoside - Afiic. 

(teal) a-D-galactopyranoside ~ Agal. 

(teal) rt-D-glucuronide Agluc. 

(purple) a-D-mannopyranosidc - Aman. 

(green) a-D-xylopyrancsidc - Axyl. 

(fluorescent) ^I>arabiaopyranoside - Bare, 

(fluorescent) ^I>ceUopyranoside - Bed 

(fluorescent) ^I>fuccpyraDoside - Bfuc 

(fluorescent) p-D-galaciopyranoside ~ Bgal. 

(fluurcsiccnl) ^I>glucupyninDude - Bglu 

(yellow) fV-D-glucufonide - Bghic. 

(yellow) ^D-man&opyianoside - Bmao. 

^D-xylopranoside - Bxyi. 

(COLOR) N-acctyl-p-D-galactosaminidc - Nagal 



S-hydrcxyqumoline plus ions- (substantially black) N-acetyi p-D-glucosamimde - Naglu 
3^4-cyclohexenoe8culetui phis tons (substantially black) N-acetyl-^D-glucuronaminide Nagluc 
csculetin plus ions- (substantially black) N-acetyl + other sugar components 

butyiate - esterase 
caprylate - esterase 
palaiitate - esterase 



Table VI is a concise summary of the specific examples. 



TABLE VI 



EXAMPLE SUMMARIES 



Example 

# Substrate 



General Salmonella/ 
E. caii Colifozms Aeromonas Shigella 



IHA 



8-hydroxyquino line-(l- D-glucuronide 
6-chloro-3- indo lyl- U-ga lactopyianoside 

5- hrnTno-4-ch1on)-3-indoly1-ri-D-galactnpyranojdde 

colors 

8-hydn>xyquinoline-^l>^ucuromde 

6- chloro-3-indolyl-tS-D-galactopyranaside 
6-cUoro-^indoly)-^D-mannDside 

5- brcmO'4-chloro-3-indolyl-a-I>galactopyranoside 

colors 

8-hydioxyquiaoUnc-^D-gIucurcmde 

6- chlon>-3-indoly)-^I>galactopyranoside 
6-cbIoro-3-mdoly]-a-D-g^lactopyranostde 



X 
X 
X 



X 
X 



Black Purple-Blue 
X 

X 
X 
X 

PUrpIe-bhie 



X 
X 
X 
Bbck 
X 
X 
X 



Pink 



Red'pink 



X 
X 



X 

Teal 



X 
X 

Puiple-bhie 
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TABLE Vl-continued 



EXAMPLE SUMMARIES 



Example 






Oeneral 




Salmonella/ 




Substrate 


E.COH 


Colifbrms 


Aeromonas 


SbigeUa 




5>bionio-4-chloro-3-iiidolyl-0-D-g^lactopyrei]Ostcle 


X 


X 


X 








Bhick 


Purple-bluc 


Purple-blue 


Pink 


ihb 


8-hyd roxyquinoline- ^-D-glucuronide 


X 










6-chloro-3*indolyl-p-D-galactopYranoside 


X 


X 


X 






5-bTOiiio-4-chloro-3-iadoly1^-D-gaIactopyraiioside 


X 


X 




X 




5-hromo-4-chIoro-3-indolyl-f\-r)-galactnpyTanoside 


X 


X 


X 






colors 


Blade 


Purple-blue 


Purple-blue 


Ibal 


inc 


May eiiminate Aeromonas 'with mhibitors which 
allows removal of 6-chloro-3-mdolyl-p-D- 
galactopyranoeide from Examples DIA and UIB 










IV 


6-chlo ro- 3-in do 1 y 1-P-D-galactop yrano side 


X 


X 


X 






6-chloro-3-mdolyl-^D-mflQnosidc 


X 


X 




X 




5-bromo-4-chlo ro- 3- indolyl -a-D-gal actop yranoside 


X 


X 




X 




COlOf«> 


Purple- 
Blue 


Purple-blue 


Pink 


Puiple-blue 


V-A 


6-chloro-3-uidoly 1-p-D- ga lactopyranoside 


X 


X 


X 






6-chloro-3-ujdo ly l-a*I>galactopyranoside 


X 


X 




X 




5-biomo-4-chloro-3-indo]yl-p-D-galactopyranosidc 


X 


X 


X 






colors 


PiiTple- 
blue 


Purple-blue 


Purple-blue 


Pink 


V-B 


6-chloro-3-indcly 1-P-D- galactopyianoside 


X 


X 


X 






5-biomo-4-chlQro-3> indolyl -a-D-gal actopyranoside 


X 


X 




X 




S-bromo-4-diloro-3-indo]yl-^D-galactopynnaside 


X 


X 


X 






coIor»> 


E*urplc- 
blue 


Purplc-btuc 


Purplc-bluc 


Teal 


V-C 


May eliminate Aeromonas with mhibitors which 
allowii removal uf bubstrale No. 1 from exanqile 
V-A and allows removal of substrate No. 3 from 

example V-B 










VI 


5-bromo-4-chloro- 3- indolyl -a-D-gal actopyraaoside 


X 


X 




X 




6-chloro-3-indnlyl-p-D-galactopyranoside 


X 


X 


X 






color&» 


Purple- 
blue 


Purple-blue 


Pink 


Ifeal 


VII 


8-hydroxyquinoline-^D-ghicuronide 


X 










5-bromo-4-chloro-3- indolyl -a-D-gal actopyranoside 


X 


X 




X 




6-chloro-3-iBdolyl-N-acetyl-p-D-galactosamiiiide 




X 


X 






Note In example 7, Mbrio and 












ricsiomonas also show as 












pink along with Aeromonas 












colors* 


Bbck 


Purple-blue 


Pink 
(see note) 


Ibal 


VIII 


8-hydrDxyquino!ine-^-D-glucuiomde 


X 










5-bromo-4-chlo ro-3- indolyl -a-D- gal actopyranoside 


X 


X 




X 




fi-chIoTO-3-indclyl-{\-D-manno5iide 


X 


X 




X 




6-chloro-3-indolyl-N-acetyl-|S-D-galactosaminide 




X 


X 






Note: In example 8, Vibrio 












and Plesiomonas also show 












as pink along with Aeromonas 












color 


Bbck 


Purple-blue 


Pink 
(sec note) 


Purple-blue 


DC 


5-biomo-4-diloro-3-indo]yl'0-D* gal actop yranoside 


X 


X 




X 




C-chloro-3-ittdolyl-P-D-gaIactopyianoside 


X 


X 


X 






6-chluru-3-indol y 1-N-acelyl -P* D* galactupyntDus ide 




X 


X 






color** 


PuTple- 
blue 


Purple-blue 


Pink 


Teal 


X 


6-chloro-3-indolyl-N-acciyl-p-D-galactopyranoside 




X 


X 






S-bromo-4-chloro-3-indolyl-a-D-galactapyranoside 


X 


X 




X 




6-chloro-3-indolyl-p-D-galactopyranoside 


X 


X 


X 






Note: For example lOj V^rio 












and Plesiomonas also show 












as pink aloi^ with Aeromonas 












color -> 


Purple- 
blue 


Purple-blue 


Pink 
(see note) 


Teal 


XI 


6-hydroxyquinolinc-^D-glucuionidc 


X 










6-chloro->indolyl-^-D-galactopyianoside (or) 


X 


X 


X 






5-hrnmn-f>-chlnrO'3- indn tyl -fV O-gaiactnpyramiRide 


X 


X 


X 






Note: In example 11. Aeromonas 












may be eliminated by adding inhibitors 












color => 


Black 


Pink or Teal 


Pink or Teal 


Not detected 
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lAULB Vl-continued 

EXAMPLE SUMMARES 



Example 






General 




Salmonella/ 


# 


Substrate 


£. coli 


Coliforms 


Aeromonas 


Shigella 


XII 


8-hydiozyquiAoIii]e-0-D-galactopyranoside 


X 


X 


X 






5-broino-4-chloro-3-imlolyl-a-D-galactopyranositle 


X 


X 




X 




(or) 6-chluru-3-inUuly]-a-D-galaclupyranusidt: 


X 


X 




X 




Note: In example 13, Acionionas may be 












eliniin&tcd by adding an inhibitor 












color=> 


Black 


Black 


Black 


Teal 01 rink 


xin 


Use same substrates as in example No. 1, and add: 
4-nKthyl-umbcllifcryN^I>xylopyranosidc 


Entcrobactcr and Klebsiella showing 
as black colonics will fluoresce, 
thereby allowing reduction in false 
positive count of £. cdi. 




XIV 


5- hydroxy-quinoline-^D-glucurontde 

6- chloro-3-ijidolyl-caprylate 


X 






X 




color s» 


Black 






Red-pink 
X 


XV 


S-hydroxy-quinoline-^D-glucuronide 
5-btomo-4-chloro-3>indolyt<apiylate 


X 








6-chloro-3-indolyl-a-D-galactopyranoside 


X 


X 




X 




colors 


Black 


Ked-pink 




Bhie-violet 


XVI 


8- hyd roxy-qu inol iae-fi- l>glii aironid e 


X 










5-hromo-4-chloro-3-indolyt-0-D-g;ilactopyTanoRide 


X 


X 


Inhibitor 






(or) 






present 






5-bromo-6-chIoro-3-indoly!-0-D-ga!actopyranoside 


X 


X 








color=> 


Black 


Ttal (or) 
Mage ma 







Example I 

The microorganisms chosen to be identified, quantified 
and differentiated are E. coli general coliforms, Aeromonas, 
Shigella or Salmonella. 

With reference to Table IV, E, coli produces the enzyme 
Bgluc, and Bgluc is not produced by any of the other 
microorganisms desired to be detected. With reference to the 
right hand side of Tabic V, it can be seen that the test enzyme 
Bgluc has a corresponding substrate component of p-D- 
glucuronide. Thus, a chromogenic or nonchromogenic com- 
ponent which produces a distinct color upon cleavage of 
Bgluc should be chosen Iiom the left hand side of Table V. 
8-hydroxyquinoline is chosen for its preferred substantially 
black color. The first identified substrate is therefore 
8-hydroxyquinolinc-p-D-glucuronidc, the availability of 
which is described above. A metallic salt such as ferric 
ammonium citrate is also required and is added to the test 
medium so that, upon cleavage of the substrate by Bgluc, a 
substantially black water-insoluble complex forms in the 
medium. The substantially black precipitate consists of the 
ferric ions and Ihe aglycone released when the substrate is 
hydrolyzed by the glucuronidase from E. coli. 

With further reference to Table IV, Bgal, Bfiic and Bglu 
are common to Aeromonas and general coliforms;. However, 
as indicated in Table IV, Bgal, Bfiic and Bglu are not 
produced generally by Salmonella and Shigella. Therefore, 
a substrate component corresponding to one of Dgal, Bfiic 
and Bglu can be selected form the right hand side of Table 
V. Bgal and the associated substrate component p-D- 
galactopyranoside are chosen. The 6-chloro-3-indolyl- 
chromogcnic component produces a red-pink color upon 
cleavage from its substrate in the presence of Bgal and is 
selected as the chromogenic component. The second sub- 
strate is therefore 6-cbloro-3-indolyI-p-D- 
galactopyramside. 

Again referring to Table IV, Bman, Aara and Agal are 
common to Salmonella, Shigella and general coliforms. 



However, as indicated in Table IV, Bman, Aara and Agal are 
not produced by Aeromonas. I'hus, one of Bman, Aara and 
Agal can be chosen and its associated substrate component 
identified with reference to Table V, The test enzyme Agal 
and the respective substrate component a-D- 
galactopyranoside are chosen. Next, a chromogenic compo- 

35 nent mu.st be selected from TMt V. As shown on the left 
hand side of Table V, the chromogenic component 5-bromo- 
4-chloro-3-indolyl produces a teal color upon cleavage from 
its associated substrate and is therefore selected. The third 
substrate is therefore 5-bromo-4-chloro-3-indolyl-a-D- 

4U galactopyranoside. 

General coliforms have a wide enzyme pattern which is 
responsive to both the 6-chloro-3-indolyl-P-D- 
galactopyranoside substrate and the 5-bromo-4-chloro-3- 
indolyl-a-D-galactopyranoside substrate. Therefore, general 

^5 coliforms will show as a fourth distinct color which is a 
combination of the colors produced by the two aforemen- 
tioned substrates, respectively. In this case the fijurth cotor 
will be violet-blue, which is a combination of red-pink and 
teal. 

50 

Finally, as seen in Table IV, E. coli also exhibits a wide 
enzyme pattem and responsive to all three of the substrates 
chosen in this example, viz., 8-hydroxyquinoline-p-D- 
glucuronide, 6-chloro-3-indolyl-p-D-galactopyranoside, 

55 and 5-bromo-4-chloro-3-indolyl-a-D-galactopyranoside. 
Nonetheless, E. coli colonies present in the test medium will 
show as a substantially black color because, as discussed 
above, the chromogenic substrates do not interfere with the 
substantially black color. Advantageously, this substantially 

fiO black color provides a superior means for distinguishing the 
E. coli, as well as allows four separate microorganisms to be 
detected, quantified, differentiated and identified in a single 
test medium. See Table VI. 

55 Example II 

The selected microorganisms to be detected, quantified, 
differentiated and identified are E, coli as a first color; 
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general coliforms, Salmonella and Shigella as a second general coliforms arc positive for each of the second, third 
color; and Aeromonas as a third color. and fourth substrates selected and colonies thereof show as 
Wi\h reference to Table [V, £. coU produces the enzyme purple-blue, indistinguishable &om the Salmonella/Shigella 
Bgluc, and Bgluc is not produced by any of the other colonies. As discussed above, different strains of all species 
microorganisms desired to be detected. With reference to the ^ of the various genera will not all produce the same amounts 
right hand side of Table V, it can be seen that the test enzyme of the various enzymes, so there may be slight variations in 
Bgluc has a corresponding substrate component of p-D- shades of purple-blue, for example, 
glucuronide. Thus, a chromugcnic or nonchrumugenic com- 
ponent which produces a distinct color upon cleavage of Example IIIA 
Bgluc should be chosen from die left hand side of Table V. ..n. i ^ • . . , , 
8-hydroxyquinolinc is chosen for its preferred substantially selected microotganusms to be quantmed and difter- 
black color. ITie first identified substrate is therefore ^''"f this example are E. cob as a first color, general 
S-hydroxyquinoline-P-D-glucuronide. the availability of ^>fomsjnd Aeromonas as a second color, and SalnioneUa/ 
which is described above. A metallic salt such as ferric 15 ge a as a co or. 

ammonium citrate is also required and is added to the test reference to Tabic IV, E. coli produces the enzyme 

medium so that, upon cleavage of the substrate by Bgluc, a Bghic, and Bgluc is not produced by any of the other 

substantiaUy black water-insoluble complex forms in the microorganisms desired to be detected. With reference to the 

medium. The substantially black precipitate consists of the "fi^^ ^^^^ ^^^^ of Table V, it can be seen that the test enzyme 

ferric ions and the aglycone released when the substrate is ^^^^^ ^ corresponding substrate component of p-D- 

hydrolized by the glucuronidase from E, coli glucuronide. Thus, a chromogenic or nonchromogenic com- 

With further reference to Table IV. Bgal, Bfiic and Bglu P°°^°^ ^^^^^ produces a distinct color upon cleavage of 

are common to Aeromonas and general coliforms. However, ^ "^^"^^ ^^^^ ™^ 

as indicated in Table IV, Bgal, Bfuc and Bglu are not 25 S-hydroxyquiaoHne is chosen for its preferred substantiaUy 

produced by Salmonella or ShigeUa. Using Table V in the ^^^^^ ^^^^ identified substrate is therefore 

fashion described above, 6-ChIoro.3-indolyl-p.D- 8-hydroxyqumoline-p-D-glucuronide, the availability of 

galactopyranoside is selected as the second substrate, which ^ described above. A metallic salt such as ferric 

will produce a red-pink color upon cleavage as indicated by ammomum ciUaic is also required and is added lo the lest 

the chromogenic component Ust of Table V ^° ^ "P0° d^avage of the substrate by Bgluc, a 

As seen in Table IV, the enzyme Bman is common to ^^^^^^^ "lack water-insoluble complex forms in the 

Salmonella/'Shigella but not Aeromonas. From table V, the The substantially black precipitate consists of the 

substrate component associated with Bman is p-D- feme ions and the aglyoone^rele^ when the substrate is 

mannopyranoside. In this example, it is desired to also 35 ^y^^°^^^^ glucuromdase from £. colL 

produce the second distinct color (red-pink) with tables IV and V in a fashion similar to that 

Salmonella/'Shigella .so that, ultimately, Salmonella^/Shigella described above with reference to Examples I and 11, 

colonics present in the test medium wiU show as the same 6-Chlon)-3-indolyl-p-D-galacU)pyranoside is selected as a 

color as general coliforms present in the test medium. Thus, second substrate to combine with one of the enzymes Bgal, 

the chromogenic component is 6-Chloro-3-indolyl- and the ^ ^fil^ common to coliforms and Aeromonas, but 

third substrate is therefore 6-Chloro-3-indolyl-P-D- negative for Salmonella/Shigella to produce a second dis- 

mannopyranoside. ^^^^^ co\ox^ in this case substantially red-pink. 

In this example, again using Table V, a fourth substrate is Similarly, 6-ChlorD-3-indolyl-a-D-galactopyranoside is 
identified that will be cleaved by one of the enzymes Bman, 45 selected as a third substrate to combine with Agal, which is 
Aara, Agal common to Sabnonella/Shigella to produce a common to coliforms and Salmonella/Shigella, but negative 
third distinct color. Using table V in the fashion described Aeromonas. Upon reaction with the enzyme, this sub- 
above, the fourth substrate selected is 5-Bromo-4-chloro-3- strate will also produce the same distinct second color, 
indolyl-a-D-galactopyranoside, which produces a teal-green namely red-pink. 

color in the presence of Agal common to Salmonella/ 5 -Bromo-4-chIoro-3-indolyl -p-D -galactopyranoside is 
Shigella. selected as a fourth substrate to combine with the enzyme 
The resulting colors of colonies present in the test Bgal, which is common to coliforms and Aeromonas, but 
medium can be predicted as follows. E, coli exhibits a wide negative for Salmonella/Shigella. This fourth substrate pro- 
enzyme pattern that is positive for all four of the substrates 55 duces a teal-green color upon reaction with Bgal. 
chosen in this example, including the 8-hydroxy- The resulting colors of colonies present in the test 
glucuronide substrate which produces a substantiaUy black medium can be predicted as follows. E. coli exhibits a wide 
color upon cleavage in the presence of the ions of the ferric enzyme pattern and is positive for aU four of the substrates 
salt. E. coli colonies show as substantiaUy black. Aeromonas chosen in this example. Therefore, E. coli colonies wiU show 
has an enzyme pattern which reacts with only the 6-Chloro- *^ as substantially black. General cuUform colonies have an 
3-indolyl-P-D-galactopyranosidc substrate chosen in this enzyme pattern which is positive for the second, third and 
example and therefore colonies of Aeromonas show as fourth substrates, so that general colifonns colonies show as 
red-pink. SalmoneUa/ShigeUa has an enzyme pattern which purple-blue. Aeromonas colonies have an enzyme pattern 
cleaves both the third and fourth substrates selected in this ^5 which is positive for the second and fourth subsU-atcs chosen 
example and therefore colonies of Salmonella/SbigeUa show so that Aeromonas colonies also show as purple>blue. 
aspuiple-bhie ( a combiDatioo of teal and red-pink). FinaUy, Finally, the enzymes common to SalmoneUa/ShigeUa are 
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ODly positive for the third of the four substrates, so that which some persons may prefer since Aeromonas is an 

Salmonella/Shigella colonies show as red-pink. important indicator organism. 

Example IIIB Example VI 

As a variation, ihe test medium of Example niA can be The selected microorganisms to be detected, quantified 

prepared such that colonies of Salmonella/Shigella will and differentiated are E. coli and coliforms as a first distinct 

show as teal instead of pink-red, all of the other colony color, Aeromonas as a second distinct color and Salmonella/ 

colors being the same as Example IIIA. With reference lo Shigella as a third distinct color. A test medium which 

Table VI, such can be accomplished by replacing the lO achieves this result is the test medium of Example 1 with the 

6-chloro-3-indolyl-a-D-galactopyranoside of Example IIIA first substrate and metallic salt being omitted In such a test 

with 5-bromo-4-chloro-3-indolyl-a-D-galactopyranoside. medium, £. coli and general coliform colonies will show as 

purplc-bluc, Aeromonas colonics will show as generally 

Example IIIC red-pink, and Salmonella or Shigella colonies will show as 

A second, independent method for producing the same generally teal-green. 



three colors as Example IIIA for the same four components 
can be achieved by adding nalidixic acid or other antibiotics 



Example VII 



or inhibitors of Aeromonas to the components listed in The selected microorganisms to be detected, quantified 

Example 1. In so doing, the cefsulodin or nalidixic acid or 20 and differentiated are£. coli as a first distinct color which is 

other substance acts as an inhibitor for Aeromonas so substantially black; general coliforms as a second distinct 

Aeromonas colonies do not grow. If Aeromonas is color which is substantially purple-blue; Aeromonas/Vibrio/ 

eliminated, then the purple-blue colonies are all true Plesiomonas as a third distinct color which is substantially 

coliforms.If not eliminated, any Aeromonas will be counted red-pink; and Salmonella ur Shigella as a fourlb distinct 

as part of the coliforms which some persons may prefer color which is substantially teal-green, 

since Aeromonas is an important indicator organism. With reference to Table IV, E. coli produces the enzyme 

Bgluc, and Bgluc is not produced by any of die other 
Example IV microorganisms desired to be detected. Therefore, a sub- 
In this example, the selected microorganisms to be ^ strate which produces a distinct color upon cleavage of 
delected, quantified and differenlialed are E. coli coliforms Bghic should be chosen from Table V. 8-hydroxyquinoline- 
and Salmonella/Shigella as a first distinct color and Aero- p-D-glucuronide produces a substantially black color in the 
monas as a second distinct color. One test medium which presence of Bgluc and would be the preferred choice of 
achieves this result is the test medium described in Example substrate, as explained below. A metallic sah such as ferric 
II, except that the first substrate and metallic salt are omitted. ammonium citrate is also added to form a substantially black 
Thus, because the enzyme pattern of £. coli reacts with the water iasolublc complex consisting of the ferric ions and the 
same substrates as the enzyme pattern for general coliforms, aglycone released when the substrate is hydrolyzed by the 
E. coli and general coliforms will be the same color in this glucuronidase from E, colL 

test medium. Specifically, E. coli, coliforms and Salmonella/ 40 with further reference to Table FV, it can be seen that the 

Shigella colonies will show as a purple-blue color, whereas enzyme Ngal and Naglu are common to the microorganisms 

Aeromonas colonies will show as a substantially red-pink Aeromonas, Plesiomonas, and Mbrios. Therefore, a suitable 

color. substrate for testing all of these microorganisms as a single 

^5 distinct color is 6-chloro-3-indolyl-N-acetyl-P-D- 

Example V galactosaminide, which produces a .suh.stantially red-pink 

The selected microorganisms to be detected, quantified color in the presence of these enzymes, 

and differentiated arc E. coli, general coliforms and Aero- Again referring to Table IV. Bman, Aara and Agal are 

monas as a first distinct color, and Salmonella/Shigella as a common to Salmonella/Shigella and general coliforms. 

.second distinct color. One test medium which achieves this 50 However, as indicated in Table IV, Bman, Aara and Agal are 

result is the test medium of Example 3 with the first substrate not produced by Aeromonas. Therefore, a substrate can be 

and metallic salt being omitted. In this test medium, E. coli, selected from Table V which reacts with one of Bman, Aara 

general coliforms and Aeromonas colonies will show as a and Agal to produce a third distinct color. As shown in Table 

generally purple-blue color, whereas Sahnonclla and Shi- V, .5-bromo-4-chloro-3-indolyl-a-n-galactoside produces a 

gella colonies will show as a generally teal-green color or as teal-green color in the presence of Agal and is therefore 

a red-pink color. selected as a substrate. 

OptionaUy, the 6-chloro.3-indolyl-a-D-galactoside can in this test medium £. coli colonies will show as substan- 

be replaced with 5-bromo-4-chloro-3-indolyl-P-D- Ually black, general coliform colonies wiU show as substan- 

galactoside so that Sahnonella colonies show as teal, rather ually purple-blue, Aeromonas, Vibrio and Plesiomonas colo- 

than pmk. uics will show as substantially red-pink, and Salmonella or 

A third way to achieve the same result is with an Shigella colonies will show as substantially teal, 
antibiotic, preferably nalidixic acid, to inhibit the growth of 

Aeromonas colonics. If Aeromonas is eliminated, then the 55 Example VIII 

purple-blue colonies are all true coliforms. If not eliminated. The selected microorganisms to be detected, quantified 

any Aeromonas will be counted as part of the coliforms and differentiated are E. coli as a first distinct color; 
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coliforms, SalmooelJa or Shigella as a second distinct color; Optionally, the 6-chloro-3-indolyl-p-D- 

and Aeromonas, Vibrio and Plesiomonas as a third distinct galactopyranoside can be replaced with 5-bromo-6-chloro- 

color. One test medium for achieving this result is the test 3-indolyl-p-D-galactopyranoside so that Aeromonas and 

medium of Example 2, except that the fourth substrate general coliform colonies show as teal instead of pink, 

chosen is 6-Chloro-3-indoIyl-N-acetyl-a-D- ^ As noted, the second substrate selected will result in 

galactosaminide, to which each of the microorganisms colonies of Aeromonas also showing as a generally red-pink 

Plesiomonas, Vibrios and Aeromonas are responsive so that color. To avoid growth of Aeromonas colonies, an inhibitor, 

each of these colonies shows as a generally red-pink color. preferably nalidixic acid, is added. Thus, colonies ofE. coli 

1 0 will show as substantially black, whereas colonies of general 

Hxample IX coliforms will show as a red-pink color. 



The selected microorganisms to be detected, quantified 
and differentiated in this example are E. coli and general 



Example XII 



coliforms as a first distinct color which is purple-blue; .selected microorganisms to be detected, quantified 

Aeromonas, Plesiomonas, and Vibrios as a second distinct diflFcrcntiatcd in this example arc £. coli, general 

color which is red-pink; and Sahnonella or Shigella as a coliforms and Aeromonas spp. as a substantially black color 
third distinct color which is teal-green. This result can be SalmoneUa or Shigella spp. as a second distinct color, 

achieved with the test medium as described in Example 6 ^^st substrate selected is 8-hydroxyquinoline-P-D- 

with the addition of 6-Chloro-3-indolyl-N-acetyl-p-D- 20 galactoside, which results in colonies of A', coli, general 

galactosaminide, to which each of the microorganisms coliforms and Aeromonas showing as substantially black. 
Plesiomonas, Vibrio and Aeromonas is responsive. second substrate chosen can be either 5-Bromo^- 

chloro-3-indolyl-a-D-galactopyranoside or 6-chloro-3- 

Example X indolyl-a-D-galactopyranoside. If the former of these two 

Hie selected microorganisms to be detected, quantified ^d^strates is chosen, colonics of Salmonella or Shi^^^ 
and diHerenliated in this example are £. coli and general ^,1^ ^^^^t"" t T 

coliforms as a first color; Aeromonas, Vibrio and Plesiomo- ^^f,"^"" '""^'''^'^^ SalmoneUa 
nas as a second distinct color; and Salmonella or Shigella as '^"^ ^ '"^'P^"^ 

a third distinct color. A suitable test medium thai achieves 30 Optionally, m this example, Aeromonas may be elimi- 
this result is the test medium disclosed in Example 7 except ^^^^^ ^ inhibitor, preferably naUdixic acid, as 

that the first substrate for detecting £. coli colonies is discussed in detail above, 
omitted. In this example, E. coli and general coliform Example XIII 

colonics show as generally purple-blue, Aeromonas, Vibrio , , , . . . . , , , 

and Hesiomonas show as generaUy red-pink, and Salmo- T^*.^'''^''!'' >"«-™«fg»"'sn« l« be delected, qualified 

II OL- 11 i_ « 1 r-,. . and differentiated m this example arc the same as in 

nella or Shigella show as generally teal-green. The addition ^ , , ... .... 

„f A 1 '^A^^ ion 1 -J • Example 1, except that this example illustrates a correction 

of 6-Chloro-3-mdolyl-P-D-galactopyranoside is necessary 

« I- ui 1 f r /• 1 • for false posiUves. That is, it is possible that certam unusual 

to yield the purple-blue color for£. coli colonies. ^ , . i_ • n ,1 l t , • 

^ Enterobacter and Klebsiella spp. will show as black colonics 

Example XI along with /s. coli in the test medium disclosed in Example 

1. Thus, the count of £. coli could be inaccurately high. 
The selecied microorganisms to be detected, quantified , , . .,1.^ , r> ^ 

J jur . J • .u- 1 I. ^bis example, 4.methyl-umbrelliferyl-6-D- 

and differentiated m this example are E. coh as a substan- , j • j * .1 / . ^ ^ • 

ui«-u ^1 A 1 i-i- J - I 1 xylopyranoside IS added to the test medium described in 

tially black color and general coliforms as a red-pmk color, r _ 1 1 t a ■ r u * j 1^ u • n 

^ ^ 43 Example 1. In so domg, Enterobacter and Klebsiella spp. 

With reference to Tabic IV, E. coli produces the enzyme showing as black colonies will also fluoresce, thereby allow- 

Bgluc, and Bgluc is not produced by any of the other j^g reduction in the false positive count of £. coli. This 

microorganisms desired to be detected. Therefore, a sub- example iUustrates the flexibility of embodiments incorpo- 

strate which produces a distinct color upon cleavage of mating the present invention. Tlie fluoroescent component 

Bgluc should be chosen from Table V. 8-hydroxyquinoline- does not interfere with the substantially black color so that 
P-D-glucuronide produces a dark color in the presence of black colonies are easily distinguished with the naked 

Bgluc and would be the preferred choice of substrate. A eye. Yet, under ultraviolet light, false positives can be 

metallic salt such as feme ammonium citrate is also added detected and substantially reduced by examining the black 
to form a black water insoluble complex consisting of ferric 55 colonics for fluorescence, 
ions and the aglycone released when the substrate is 

hydrolized by glucuronidase firom E. coli. Example XIV 

With further reference to Table IV, Bgal, Bfiic and Bglu The selected microorganisms to be detected, quantified, 

are common to Aeromonas and general coliforms. However, differentiated and identified are E. coli as a substantially 

as indicated in Table IV, Bgal, Bfuc and Bglu arc not black color and Salmonella spp. as pink-red. General 

generally produced by Salmonella or Shigella. Therefore, a coliforms are colorless in this example, 
substrate can be selected from Table V which reacts with one With reference to Example I, £. CoU is responsive to 

of Bgal, Bfiic and Bglu to produce a second distinct color. 8-hydroxy-quinoline-P-D-glucuronide. General coliforms, 
6-chloro-3-indolyl-P-D-galactopyranosidc produces a pink 55 Salmonella, Shigella and Aeromonas arc not responsive to 

color in the presence of Bgal and is selected as the second 8-hydroxy-quinoline-p-O-glucuronide. Thus, the first sub- 

subsiraic. strate chosen is 8-hydroxy-quinoline-P-D-glucuronide. 
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With reference to table IV, esterase enzyme is positive for substrate, in which event colonies of E, coli will appear as 

Salmonella spp., but not any of the other preferred micro- substantially black and general colifom colonies will appear 

organisms to be detected. With reference to table V, the magenta. To avoid growth of Aeromonas colonies^ an 

substrate 6-chloro-3-indolyl-caprylate can be identified, and inhibitor, preferably nalidixic acid, is added. Thus, colonies 

will produce a pink-ted color upon cleavage, and is therefore ^ of £. coli will show as substantially black, whereas colonies 

chosen as the second substrate. of general coliforms will show as a magenta color. 

In this test medium, colonies of E. coli will show as Although several broad examples which incorporate the 

.substantially black and colonies of Salmonella or Shigella present invention have been described above, it is to be 

wiU show as pink-ied. lO understood that the present invention is not to be limited by 

the examples disclosed herein. Indeed, the disclosure and 

Example XV examples above teach one of ordinary skill a virtually 

Ttie selected microorganisms to be detected, quantified, limitless number of test media which would be within the 

differentiated and identified are £. coli as a substantially ^^cope of the claims appended hereto, 

black color, Salmonella spp. as dark blue-purple, and gen- Further, while this invention has been described as having 

eral coliforms as red-pink. a preferred design, the present invention can be further 

With reference to Example I, £. coli is responsive to modified within the spirit and scope of this disclosure. This 

S-hydroxy-quinoline-P-D-glucuronidc. General coliforms, application is therefore intended to cover any variations. 

Salmonella, ShigeUa and Aeromonas are not responsive to 20 uses, or adaptations of the invention using its general 

8-hydroxy-quinoIine-p.D-glucuronide. Thus, the first sub- principles. Further, this application is intended to cover such 

strate chosen is 8-hydroxy-quiooline-p-D-glucuronide. departures from the present disclosure as come within 

With reference to tables IV and V, 5-bromo-4-chlon)-3- customary practice in the art to which this inven- 

indolyl-caprylatc can be identified as the second substrate to „ ° P^^'"^ ^^^^^ ^"^^^ fended 

which Salmonella or Shigella will be responsive. With urT' • 

further reference to T^bXt V, 5.bromo-4-chloro-3-indolyl- T a ^ ^ - 

1. r * 1 1 1 1. A test medium for detecting, quantifying or differenti- 

caprylate forms a teal color upon cleavage. , ,.r T " 

^ ^.t -i.ji.w^, atmg general cohfonns,£. co/f, Aeromonas and Salmonella, 

6<hloro-3-mdolyl-a-D-ga actopyranoside. which pro- ^^.^^ comprising: a nutrient base medium 

duces a puik-ned color upon cleavagp chosen as the third -^^^^^ , 3^^. ^ g^, ^^^^^^^ ^ 

TsT^T^^ts ^^tr SalmoneUa component of a finst color in the presence of /v. c»/,; a second 

r ge a are responsive. substrate which forms a second component of a second color 

In this example, E. coli colonies show as substantially in the presence of SalmoneUa; and a third substrate which 

black, general coliform colonies show as red-pink, and 35 forms a third component of a third color in the presence of 

SalmoneUa/'Shigella show as blue-violet (-red-pink+teal). Aeromonas; said second and third substrate forming said 

Example XVI second and third components, respectively to make a fourth 

color, which is a combination of said second and third 

-nie selected microorganisms to be detected, quantified colors, in the presence of general coliforms, all of said colors 

and differentiated m this example are £. coli as a substan- ^ being distinguishable from one another; said first substrate 

tially black color and general colifomis as a second distinct being a p-glucuronide nonchromogenic substrate; said sec- 

ond substrate being an tt-D-galacloside chromogenic sub- 

With reference to Table IV, £. coli produces the enzyme strate and said third substrate being a p-D-galactoside chro- 

Bgluc, and Bgluc is not produced by any of the other 45 mogenic substrate, and said first color being substantially 

microorganisms desired to be detected. Therefore, a sub- black. 

strate which produces a distinct color upon cleavage of 2. The test medium of claim 1. wherein said first substrate 
Bgluc should be chosen from Table V 8-hydroxyquinoline- is selected firora the group consisting of 8-hydroxyquinoline- 
P-D-glucuronide produces a dark color in the presence of p-D-glucuronide, an esculetin glu'curonide, and 
Bgluc and would be the preferred choice of substrate. A cyclohexenoesculetin- P-D-glucuronide. 
melaUic salt such as ferric ammonium citrate is also added 3. The test medium of claim 1, wherein said first substrate 
to form a black water insoluble complex consisting of ferric is 8-hydroxyquinoline-3-D-glucuronide and fonns a sub- 
ions and the aglycone released when the substrate is stantia'uy nondiffiisible compound in the presence of ions of 
hydrolized by glucuronidase from £. coli. 55 said salt and £. colL 

With further reference to Table IV, Bgal, Bfiic and Bglu 4. The lest medium of claim 1, wherein said salt com- 

are common to Aeromonas and general coliforms. However, prises a metallic salt and said first component is water 

as indicated in Table IV, Bgal, Bfiic and Bglu are not insoluble as formed by reaction with said ions, 

generally produced by Salmonella/Shigella. Therefore, a 5. The test medium of claim 1, wherein said first substrate 

substrate can be selected from Table V which reacts with one ^" consists essentially of 8-hydroxyquinoline-P-D- 

of Bgal, Bfuc and Bglu to produce a second distinct color. glucuronidc, said second substrate consists essentially of 

5-bromo-4-chloro-3-indolyl-P-D-galactopyranoside can be 5-bromo-4-chloro-3-indole-P-D-galactoside, and said third 

chosen as the second substrate, in which event colonies of E. substrate consists essentially of 6-chlorD-3-indole-p-D- 

coli will appear as subsUntially black and general colifom 55 galactoside. 

colonies will appear as teal Optionally, 5-bromo-6-chtoro- 6. A method for detecting, quantifying, or differentiating 

3-indolyl-galaciopyranoside can be chosen as the second colonies of Aeromonas fitom selected other biological emi- 
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ties in a test sample, said method comprising the foUowing 
steps: providing a base medium including ions of salt, a 
p-D-galactoside substrate that forms a first component of a 
first color in the presence of a first enzyme, an a-D- 
galactoside substrate that forms a second component of a ^ 
second color distinguishable from said first color in the 
presence of a second enzyme, and a p-glucuronide nonchro- 
mogenic substrate that forms a third substantially black 
component in the presence of a third enzyme; inoculating jq 
the test medium with a test sample; incubating the test 
medium; and examining the test medium whereby aggrega- 
tions of colonies of Aeromonas are indicated by said first 
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color, and aggregations of colonies of Salmonella are indi- 
cated by said second color, and whereby colonics of general 
coliforms are indicated by a third color, said third color 
being a combination of said first and second colors. 

7. 'ihe method as set forth in claim 6, further comprising 
the step of examining the test medium for£. coU as indicated 
by the presence of substantially black aggregates. 

8. The method as set forth in claim 7, wherein said 
p-glucuronide substrate is 8-hydroxyquinoline. 

***** 
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AMENDMENTS TO THE SPECIFICATION 

Please replace the title and add the following new paragraph before the paragraph 
beginning on line 1 of page 1 : 

Title: TEST MEDIA AND QUANTITATIVE OR QUALITATIVE METHOD FOR 
IDENTDFICATION AND DIFFERENTIATION OF E. COLI, GENERAL COLBFORMS, 
SALMONELLA, AND AEROMONAS IN A TEST SAMPLE 

This Application claims priority from and is a continuation of U.S. Patent Application No. 
09/357,606, which is incorporated in its entirety herein by reference, as filed on July 20, 1999 and 
subsequently issued as Patent No. 6,350,588. 
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LISTING OF CLAIMS 

72. (Currently Amended) A test medium for detecting, quantifying and or 
differentiating general coliforms, E, coli, and at lea s t one of the genera Aeromonas and 
Salmonella, said test medium comprising: a nutrient base medium including ions of a salt; 
a first substrate which forms a first component of a first color in the presence of E. coli; a 
second substrate which forms a second component of a second color in the presence of 
g e neral coliforms Salmonella : and a third substrate which forms a third component of a 
third color in the presence of on e of the genera Aeromonas and Salmonella/ , said second 
and third substrate forming said second and third components, respectively to make a 
fourth color, which is a combination of said second and third colors, in the presence of 
general coliforms, all of said colors being distinguishable from one another; said first 
substrate being a P-glucuronide nonchromogenic substrate; said second substrate being an 
g-D-galactoside chromogenic substrate and said third substrate[s] being a B-D-galactoside 
chromogenic substrate, chromogenic substrates ; and said first color being substantially 
black. 

73. (Original) The test medium of claim 72, wherein said first substrate is 
selected from the group consisting of 8-hydroxyquinoline-P-D-glucuronide, an esculetin 
glucuronide, and cyclohexenoesculetin-P-D-glucuronide. 

74. (Cancelled) 

75. (Cancelled) 

76. (Currently Amended) The test medium of claim 72, wherein said first 
substrate is 8-hydroxyquinoline-3-D-glucuronide and forms a substantially nondiffusible 
compound in the presence of ions of said salt and E. colL and said third substrate also 
forms said third component of said third color in the presence Shigella. 

77. (Cancelled) 

78. (Cancelled) 

79. (Original) The test medium of claim 72, wherein said salt comprises a 
metallic salt and said first component is water insoluble as formed by reaction with said 
ions. 

80. (Currently Amended) The test medium of claim 7^ 72, wherein said first 
substrate consists essentially of 8-hydroxyquinoline- P>D-glucuronide, said second 
substrate consists essentially of 5-bromo-4-chloro-3-indole-a-D-galactoside, and said third 
substrate consists essentially of 6-chloro-3-indole-P-D-ga!actoside. 

81. (Currently Amended) A method for detecting, quantifying, and or 
differentiating colonies of Aeromonas from selected other biological entities in a test 

Page 3 of 8 
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sample, said method comprising the following steps: providing a base medium including 
ions of salt, a P-D-galactoside substrate that forms a first component of a first color in the 
presence of a first enzyme, an a-D-galactoside substrate that forms a second component of 
a second color distinguishable from said first color in the presence of a second enzyme, 
and a P-glucuronide nonchromogenic substrate that forms a third substantially black 
component in the presence of a third enzyme; inoculating the test medium with a test 
sample; incubating the test medium; and examining the test medium whereby aggregations 
of colonies of Aeromonas are indicated by said first color, and aggregations of colonies of 
Salmonella are indicated by said second color, and whereby colonies of general coliforms 
are indicated by a third color, said third color being a combination of said first and second 
colors. 

82. (Original) The method as set forth in claim 81, further comprising the 
step of examining the test medium for E, coli as indicated by the presence of substantially 
black aggregates. 

83. (Currently Amended) The method as set forth in Claim 82, wherein said P- 
glucuronide substrate is 8-hydroxyquinoline^ and furth e r comprising the step of examining 
the test m e dium for Shigella, which ar e also indicated by said second color. 
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REMARKS 

The Office Action of November 20, 2003 is acknowledged. Claims 72-83 were rejected in 
the Office Action. 

Interview Summary 

Applicant thanks the Examiner for participating in a telephone interview of February 12, 
2004 in which the inventors Jonathan Roth and Geoffrey Roth were in attendance. Applicant 
provided photographs of the inventive test medium shown indicating E.coli, general coliforms. 
Salmonella^ and Aeromonas, as four separate colors that are easily detected, differentiated and 
quantified. The Examiner concurred that Applicant's test medium was novel and non-obvious. 
However, the Examiner noted concerns with the conjunctives used in some of the claims and 
suggested modifications, which have been incorporated in the above amendments. Furthermore, 
the Examiner noted that the type of substrates should be identified in claim 72 to clarify the claim 
and clearly differentiate from the cited prior art. Accordingly, claim 72 has been amended to 
identify the type of substrates in the test medium. 

Claim of Priority 

The Examiner requested that the specification identify Application No. 09/357,606 filed 
July 7, 1999 from which subject Application claims priority. An appropriate amendment has been 
included. 

Rejections Under 35 U.S.C. § lQ3(a) 

Claims 72-75 and 77-83 were rejected under 35 U.S.C. § 103(a) as being obvious over the 
combination of U.S. Patent No. 5,726,231 to Roth et al in view of the article to James et al 
entitled "Detection of Specific Bacterial Enzymes by High Contrast Metal Chelate Formation: 
Specific Detection of E. coli on Multipoint Inoculated Plates Using 8-HydroxyquinoIine-Beta-D- 
Glucuronide" and in further view of U.S. Patent No. 4,308,348 to Monger, and PCT International 
Patent Application WO 98/55644 to Perry et al. As discussed in the interview. Roth et al only 
teaches the use of two chromogens which act on E, coli and coliforms. A ph-indicator not a 
chromogen is used to identify the Salmonella and Proteus. Roth et al. does not teach or suggest 
the use of more than two enzyme specific substrates; otherwise, he would not have had to use a ph- 
indicator if he thought additional substrates would work. Furthermore, Roth et al. does not 
mention the detection of Aeromonas. 

As for James et al, James et al only uses Hydroxyquinoline compound to attempt to 

identify E. coli. Furthermore, James et al. does not mention that Hydroxyquinoline can or should 
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be combined with chromogens or Indoxyl compounds. Furthermore, Aeromonas is not mentioned 
or suggested in any way in the James' article. 

In addition, the test medium and method found in Monget is nothing like Applicant's test 
medium that includes two chromogenic and one non-chromogenic substrate in a nutrient based 
medium for growing bacteria and wherein bacteria can easily be detected, quantified and 
differentiated. In Monget, bacteria are grown separately in a gelose medium and then placed in a 
microtube (column 1, lines 50-52). Monget discloses a test medium where a |3-galactosidase and 
P-glucosidase are impregnated on a disk of paper contained in the microtube. Although Monget 
mentions that the test may be also conducted with other substrates, Monget offers no teaching on 
how the bacteria would be differentiated in a test medium with more than two substrates. 
Furthermore, Monget offers no teaching on the use of a non-chromogenic substrate in combination 
with two chromogenic substrates in the test medium or a test medium for testing for Aeromonas. 

Perry et al. discloses a test medium using a-D-galactosidase and P-D-galactosidase 
substrates for identifying the presence of Salmonella, The p-D-galactosidase substrate is 
cyclohexenoesculetin, which is a non-chromogenic substrate, although Perry et aL identifies it as a 
chromogenic substrate. Perry's medium cannot distinguish and differentiate E,coU, general 
coliforms and Aeromonas as all are positive to p-D-galactosidase and all would appear as 
substantially black colonies. Furthermore, Perry et al. offers no suggestion on how the substrates 
could be combined with another chromogenic substrate in order to differentiate or identify 
additional bacteria. In addition. Perry et al. does not teach the use of a P-D-glucuronide substrate 
nor a substrate for detecting Aeromonas, Accordingly, using the P-D-galactoside suggested by 
Perry et al. would render the test medium in Applicant's invention nonfunctional. As such, the 
above remarks and distinctions in clarifying claim amendments to claims 72, 73, 76 and 79-83 
should be allowable over Roth et al. in view of James et al. and in further view of Monget and 
Perry et aL 

Claim 76 was rejected under 35 U.S.C. § 103(a) as being obvious over a combination of 
Roth in view of James and further view of Monget and Perry as applied to claims 72-75, and 77-83 
and in further view of Kampfer. Apphcant notes that the rejection is now moot as the reference to 
detecting Shigella in claim 76 has been eliminated in the above amendment. 

Claims 81-83 were rejected as being unpatentable over PCT International Publication No. 
WO 96/40980 to Townsend et al. in view of Monget. Applicant acknowledges that Townsend et 
al. mentions the detection of numerous bacteria including Aeromonas and also lists a multitude of 
various substrates in Table 1. As discussed in the interview; however, Townsend et al. does not 
teach a method for detecting, quantifying or differentiating colonies of Aeromonas from other 
biological entities in a test sample. Although Townsend et al mentions Aeromonas, he offers no 
explanation or teaching how Aeromonas should be quantified or differentiated from other bacteria. 
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Furthermore, Townsend et al fails to teach the test medium used in the claimed method including 
a P-D-galactoside, a-D-galactoside and a P-D-glucuronide. Furthermore, in particular, claim 1 
includes the method for detecting or differentiating Aero/wona^, Salmonella and general coliforms. 
Townsend et a/., however, is directed towards merely quantifying the total number of viable 
bacteria present in ground beef and chicken (page 14, lines 21-23 and page 15, 19-22), 

As discussed in the interview and above, Monget adds nothing to cure the lack of 
teachings in Townsend et al regarding the subject method and lest medium. 

Claim Rejections Under 35 U.S.C. ^ 1 12, First Paragraph 

Claims 72-83 were rejected as being non-enabling for other non-chromogenic substrates 
besides hydroxyquinoline-p-D-glucuronide. Applicant respectfully disagrees with this assertion as 
the use of other non-chromogenic substrates are specified in the specification on page 28, lines 11- 
17 and in Table V. 

The Examiner also asserted that the three substrates required in the medium of the claims 
were not defined in the claims in a manner, which would permit one skilled in the art to make and 
use the invention. The substrates of the medium have been further defined and clarified in the 
attached amendments. 

The Examiner also asserted that the claims are not enabled for distinguishing Shigella 
from E. coli, AppHcant notes that this rejection is moot as the references to Shigella in claims 76 
and 83 have been eliminated. 

The Examiner also asserted that the specification is enabling for a method to detect and 
distinguish E. co/i, coliforms and Salmonella, but does not reasonably provide an enablement for 
similar medium for detecting and distinguishing E. coli, coliforms and Aeromonas. As discussed 
in the interview and demonstrated in the photographs provided to the Examiner, Applicant's 
medium clearly provides a way of detecting and distinguishing E. coli, coliforms, Aeromonas and 
Salmonella. The photographs provided to the Examiner demonstrate the use of one example of the 
test medium as described on page 20, lines 20-25 in the Application. With this medium, E.coli 
shows as a substantially black color, general coliforms as a blue-violet color, Aeromonas as a pink 
color and Salmonella as a teal color as described on page 22, lines 14-31 and page 23, lines 1-8 of 
the specification. The Examiner is correct that Aeromonas does not produce P-glucuronide; 
however, as indicated in the specification on page 22, lines 26-31, Aeromonas is p-galaclosidase 
positive, providing the pink color associated with 6-chloro-3-indolyl-P-D-galactoside. 

Claim Rejections Under 35 U.S.C. § 112. Second Paragraph 

Claim 74 was rejected for the redundant use of "one of. Applicant notes thai this 
rejection is moot based on the cancellation of claim 74. 
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Claim 76 was rejected based on the assertion that "substantially nondefusable" is not 
defined by the claim or specification. Applicant respectfully traverses this rejection as the 
Examiner is aware the term "substantially" has been found to be definite as one of ordinary skill in 
the art knows what terms such as "substantially equal" mean. MPEP § 2173.05(b)(D). 

The Examiner also objected that the title of the invention is not aptly descriptive. 
Accordingly, Applicant has provided a new title in the attached amendment. 

Having fully responded to the Office Action, Applicant respectfully requests that 
remaining claims 72, 73, 76, and 79-83 be allowed. Applicant notes that certain claims have been 
amended and/or cancelled solely to advance prosecution of this Application and to obtain 
allowance on clearly allowable claims at the earliest possible date. Therefore, no admission may 
be inferred by the cancellations and amendments to the claims herein. Should the Examiner have 
any further questions or comments, he is invited to call the undersigned representative of the 
Applicant. 



Respectfully submitted, 

Daniel Tychonievich 

Registration No. 41 ,358 

Attorney for Applicant 

Baker & Danbels 

205 West Jefferson Blvd., Suite 250 

South Bend, IN 46601 

Tel: (574)234-4149 

Fax:(574)239-1900 
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